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ABSTRACT 
Predicting the effects of mudstone diagenesis on reservoir quality is an important 
component of successful petroleum exploration and production programs. A regional 
study using chemical analyses from mudstone core cuttings and SP logs from 15 wells 
from the western Gulf of Mexico, including the Matagorda, Brazos, Mustang offshore 
areas, indicates that chemical changes with depth such as overall depletion of quartz and 
calcite; the illite-smectite conversion; and K2O enrichment occur in the mudstone 
Miocene interval of the study area. Mixing of depositional sources has been suggested to 
be the cause of similar chemical and mineralogical changes observed in Paleocene-
Eocene and Oligocene sediments in onshore Texas. A mixing line of detrital material 
derived from two end member sources having different TiO 2/Al2O3 ratios was found in 
this study. However, diagenetic reactions such as, precipitation of quartz and calcite 
zones above the smectite-to-illite conversion interval, feldspar dissolution, and overall 
K2O enrichment with depth correlate throughout the study area and the onshore Texas 
Gulf Coast, indicating that diagenesis in the region is more likely depth controlled rather 
than source, age or facies dependent. In addition, mudstone diagenesis is an open 
chemical process throughout the study area.  
A second study was performed for the upper Wilcox Formation in the Righthand 
Creek Field in southwestern Louisiana. Produced waters have salinities as low as 9,000 to 
10,000 mg/L or approximately 1/3 the salinity of seawater. The clay mineralogy of 
sidewall cores was studied over a depth interval from approximately 11,000 to 11,550 
feet to determine whether or not there was evidence for the smectite to illite transition 
having occurred in these sediments. The clay minerals in the sands within this interval are 
typically dominated by kaolinite and chlorite. The mudstones, in contrast, are dominated 
 vi 
by smectite, kaolinite, and illite, and the smectite- illite transition has not yet occurred in 
these sediments. If the low-salinity waters at Righthand Creek are the products of 
dehydration, it is unlikely that they have been produced by in situ reactions and are 
instead waters that have been expelled from underlying and/or downdip, overpressured 
sediments where the transition is known to have occurred.   
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CHAPTER 1. INTRODUCTION 
Predicting the effects of diagenesis on reservoir quality is an important component of 
successful petroleum exploration and production programs (Summa, 1995). In addition, 
developing models of porosity evolution is of relevance in quantifying rates and mechanisms of 
fluid flow and solute transport in sedimentary basins (Thyne, 2001). The effects of physical 
diagenesis can be accurately assessed by observing microfabric changes during burial. 
Compaction results in preferred particle orientation and a reduction of porosity (Kim et al., 1999; 
Aplin et al., 2003). Mineralogical changes, such as the smectite- illite transformation and crystal 
growth also play an important role in fabric alteration during burial diagenesis (Awwiller, 1993). 
Techniques such as scanning and transmission electron microscopy techniques have been used to 
reveal the relations between mineralogical and microfabric changes in geopressured zones (Kim 
et al., 1999; Charpentier et al., 2003). However, the effects of chemical diagenesis are more 
difficult to quantify because of the difficulty in predicting complex reactions between rocks and 
fluids in compositionally heterogeneous systems that can undergo rapid changes in temperature, 
pressure and pore water chemistry. 
Diagenetic cements can originate from the dissolution of common unstable detrital 
phases such as feldspars, silica, carbonates, and smectitic clays (Awwiler, 1993; Berger et al., 
1999; Hutcheon et al., 2000; Land and Milliken, 2000; Thyne, 2001; and Milliken, 2003).  
Volumetrically significant cements include quartz, carbonates (calcite, ferroan calcite, ankerite, 
and dolomite) and clay minerals (chlorite, illite, and kaolinite). Identifying local sources of 
cement components, and solute transport mechanisms are problems that are yet to be fully 
resolved. 
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Mudstones have been recognized as potentially important sources and sinks of 
components such as CaCO3, SiO2, H2O, and K2O that may alter porosity and permeability in 
adjacent sandstones (Land et al., 1997; Lynch et al., 1997; Berger et al., 1999; Land and 
Milliken, 2000; Wilkinson et al., 2003, Milliken, 2003). These components could reduce the 
porosity and permeability of reservoir sands by the precipitation of late cements, such as quartz, 
or increase porosity by the dissolution of early cements, such as calcite or dolomite (Land et al., 
1997; Hanor, 2002).  
Another aspect of mudstone diagenesis which is of importance in understanding whether 
mudstones behave as closed or open chemical systems is the loss of H2O that occurs during the 
transformation of smectite to illite (Boles and Franks, 1979; Perry and Hower, 1970; Lynch et 
al., 1997; Berger and Velde, 1999). Formation waters in the Wilcox formation of the Louisiana 
and Texas Gulf Coast typically show a freshening downdip as overpressured conditions are 
encountered. In some instances, salinities drop significantly below normal seawater values, even 
in sediments that were deposited in a marine environment (Moran, 2004). The origin of these 
low salinity waters is still conjectural, although meteoric flushing, membrane filtration, and 
release of water during the smectite to illite transition have been proposed as mechanisms. 
The main focus of the research described in this thesis is on a regional study of mudstone 
diagenesis in the offshore Texas Gulf of Mexico.  An additional study was done of the possible 
relations between the smectite- illite transformation and the origin of deep, low-salinity waters in 
a field in southwestern Louisiana. 
1.1 Previous Work in the Texas Gulf Coast on Mudstone Diagenesis 
The relation between diagenesis and fluid flow is complex and not fully understood. 
Debate on shale diagenesis has focused on whether shales behave as open or closed diagenetic 
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systems, and, whether or not mass is exchanged across shale-sand interfaces. Many authors 
propose that there is significant evidence to show that shales are open systems (Land et al., 1997; 
Lynch, 1997; Lynch, 1996; Land and Milliken, 2000; Milliken 2003), while others argue that 
shales behave as closed diagenetic systems (Hower et al., 1976; Bloch and Hutcheon, 1992). 
A number of studies of the burial diagenesis of Gulf of Mexico sediments have been 
concerned about the sources of cements. Variations in the bulk chemistry of mudstones with 
depth have been documented in the onshore and near shore Texas Gulf Coast (Land et al., 1997; 
Lynch et al., 1997; Hutcheon et al. 2000; Land and Milliken, 2000). Bloch et al. (1998) and 
Hutcheon et al. (2000) consider changes in shale bulk chemistry to reflect changes in source 
areas. By studying bulk rock compositions of possible source rocks, these authors have 
suggested that in the Gulf Coast, the apparent potassium enrichment of shales with depth, is 
primarily due to the depositional mixing of volcanic and cratonic sources. They have interpreted 
the large concentrations of potassium in Eocene, Oligocene, and Miocene mudstones to be the 
product of variable provenance and the influx of large volumes of alkaline material associated 
with coeval volcanic activity during the early Tertiary Laramide Orogeny and the mid-Tertiary 
Sierra Madre Occidental. 
In contrast, Milliken et al., 1997; Lynch et al.,1997; and Milliken 2003 concluded that 
mass exchange between sandstones and shales during diagenesis is the cause of increase in K2O 
measured in deeper shales. Chemical changes observed by these authors in shale cores from the 
Oligocene Frio and the Paleocene-Eocene Wilcox formations from the Texas Gulf Coast 
includes loss of Si, Mg, and Fe+3, and gain of K, Al, and Fe+2. In addition Wistch and Kvale 
(1994), using mass balance calculations from mudstones sampled from boreholes along the Gulf 
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Coast concluded, that the significant addition of K2O observed correlates strongly with 
diagenetic reactions such as the illitization of smectite and the dissolution of calcite.  
Debates on mineral/water interaction and fluid flow in deep formations in the Texas Gulf 
Coast are yet to be resolved. Quartz precipitation has occurred in the more porous, permeable, 
and isolated sandstones in the Oligocene Frio Formation in onshore Texas (Lynch 1996). Several 
authors have noted that large volumes of pore waters (~106 m3/m2 pore water for 1% quartz 
cement by volume) under normal geothermal gradients are needed to precipitate the amounts of 
quartz cement found in the Frio sandstones (Bjørlykke and Egeberg, 1993; Land, 1996; Lynch 
and Land, 1996; and Bjørlykke, 1997; Milliken, 2003).  Furthermore, Lynch and Land (1996) 
have noted that the silica and pore water volumes needed for the precipitation of quartz cement 
are not present within the Frio Formation, indicating silica import from adjacent mudstones and 
dynamic recycling of pore waters. However, it has been argued (Bjørlykke 1993; Lynch and 
Land, 1996; Thyne, 2001; Milliken, 2003) that no large scale fluid flow transport mechanism 
exists that can explain both quartz and calcite precipitation and that more quantitative studies of 
cements are needed. In addition, it has been noted that diffusion is more likely the transport 
mechanism for silica rather than for calcium, and that predictions on reservoir quality should be 
linked to provenance and facies interpretations rather than to diagenesis (Bjørlykke, 1993, 1997). 
Mineralogical and geochemical studies on the dissolution of detrital feldspars during 
burial diagenesis of the Frio Formation have documented the progressive leaching of K2O from 
K-feldspars and CaO from detrital calcite from mudstones with depth (Milliken, 1992; Land and 
Milliken, 2000). These losses occur simultaneously with precipitation of new mineral phases 
such as albite and chlorite, in the adjacent sandstones, and the continued reaction of smectite to 
illite (Milliken, 1992;  Milliken, et al. 1994). Frio Formation mudstones studied by Land and 
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Milliken (2000) show similar mass transfer processes for K2O, SiO2, and CaO. Both SiO2 and 
CaO  are lost with depth. This loss and the subsequent transport of these components out of the 
mudstones may account for the presence of quartz and calcite cement s in adjacent sandstones. In 
contrast to the documented increase in K2O in some mudstones with depth (Awwiler, 1993; Land 
and Milliken, 1997), chemical data from Frio sandstones indicate a K2O loss with depth. Detrital 
carbonates in the sandstones do not appear to have dissolved (Milliken, 1991; Milliken et al., 
1994; Lynch and Land, 1996). In addition, the amount of Ca present as authigenic carbonate 
cements within the sandstones exceeds five times the amount released by dissolution of detrital 
silicates in the shales, indicating an import of calcium into the formation (Milliken et al., 1994; 
Lynch and Land, 1996). 
The two main problems in understanding the nature of mudstone diagenesis are 1) the 
inability to discern whether reactants and products move readily between mudstones and 
sandstones, and 2) understanding the transport mechanism that results in the precipitation of 
these cements. Chemical and mineralogical data alone do not identify the mechanisms of solute 
transport between mudstones and sandstones. The principal theoretical objection to mudstones as 
a source of sandstone cements is based on the lack of a transport mechanism that fully explains 
the solute exchange between sandstones and shales. The large losses of SiO 2 and CaO reported in 
mudstones suggest transport via large-scale flow (Land and Milliken, 2000).  Other authors have 
proposed diffusional transfer of potassium and silicon between sandstones and shales may be 
sufficient to accomplish feldspar dissolution, illitization, and quartz cementation (Bjørlykke, 
1993; Thyne, 2001; and Thyne et al., 2001). However, diffusion does not explain the large  mass 
of lost detrital carbonates observed in mudstones at depth reported by Milliken (1992), Wintsch 
and Kvale (1994), Milliken et al. (1994), Land et al. (1997). Moreover, Sharp et al. (2001) 
  
 6 
suggest that salinity-driven free convection could account for the fluxes necessary for mudstone 
diagenesis to occur.  
1.2 Previous Work in the Offshore Texas Gulf of Mexico 
Most of the published work on diagenesis of Texas Gulf Coast sediments has been 
onshore, and relatively little work has been published on burial diagenesis in the offshore Texas 
Gulf of Mexico. One exception is the Matagorda 519 field, which straddles Texas state waters 
and the Federal Matagorda offshore area.  Klein et al. (1998) looked at the petrology and 
geochemistry of cores and cuttings of lower Miocene mudstones at the Matagorda 519 field in 
order to determine a diagenetic sequence of events that would explain the excellent reservoir 
quality of the lower productive sands in the field. Four vertically-stacked geopressured cells were 
identified on the basis of conductivity log response. Mineral and chemical data were used to 
identify diagenetic reactions, such as the dissolution of calcite, the smectite to illite 
transformation, and potassium metasomatism occurring in the overpressured sequence. Klein et 
al. (1998) suggested that the gas-condensate accumulation in Matagorda 519 resulted from 
episodic fluid flow events and a complex sequence of diagenetic events that formed the 
geopressured cells. In addition, the authors concluded that deep basinal fluids are responsible for 
the initial calcite cementation of the reservoir unit and its inferred subsequent dissolution. 
A geological exploration model for off-structure gas accumulations in geopressured 
Lower Miocene sandstones at the Matagorda 519 field was developed by Brewster et al. (1998) 
to aid in the exploration and discovery along the strike of this prolific hydrocarbon-producing 
trend. The authors proposed a dynamic model that involves several periods of pressure formation 
and includes diagenetic mineral assemblages consistent with hydrothermal fluid flow and 
alteration. According to these authors, sandstone petrography and resistivity logs suggest that 
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these compartmentalized reservoirs formed as a result of complicated secondary porosity 
diagenetic processes related to fluid flow and pressure cell formation. 
Taylor and Land (1996) studied the association of allochthonous waters and reservoir 
quality enhancement in deeply buried Miocene sandstones at the Picaroon Field, Corsair Trend, 
Brazos Area, Offshore Texas. They compared the Picaroon Field and neighboring Doubloon 
field reservoir qualities and fluid flow properties.  In their model, they explain the high porosities 
(20-29 %) found in the Picaroon field as a result of calcite dissolution and secondary porosity 
generation caused by emplacement of highly saline brines coming from the Mesozoic through 
the Corsair growth fault trend. 
Gautreau-Spears (2002) used chemical data from cuttings to characterize diagenetic 
reactions occurring in the Miocene mudstones and to document variations in normative 
mineralogies with depth. A diverse array of well logs, such as, SP, resistivity, conductivity, 
porosity, neutron density logs were used to understand the pressure and temperature conditions 
of this sequence of sediments. Gautreau-Spears identified pressure seals that generate 
compartmentalization in Matagorda Island 519 field and which do not appear to be depositional 
in origin. Rather, geochemical, mineralogical, and cuttings data indicate, precipitation of 
diagenetic calcite and possibly quartz cements. Overpressure development does not appear to be 
due to compaction disequilibrium at Matagorda 519.  Instead, it is more likely caused by clay 
mineral dewatering, petroleum generation, and the presence of a large column of natural gas 
(Gautreau-Spears, 2002). 
In order to fully understand fluid flow dynamics within and between mudstones and 
sandstones research needs to be conducted at a larger scale. Diagenesis and fluid flow 
interactions, along with the development of pressure seals and overpressured compartments need 
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to be studied at a regional scale to determine if they extend basin-wide. Larger scale studies need 
to be linked to the research done on mudstone diagenesis in the onshore and near shore Texas 
Gulf Coast, in order to understand the potential regional effect of the diagenesis at a basin scale. 
1.3 Purpose of Regional Offshore Study 
The purpose of the regional study was to investigate the nature of mudstone diagenesis in 
the offshore Texas Gulf of Mexico and its potential effect on sandstone diagenesis. Goals 
include: 1) understanding controls in mudstone composition and mineralogy throughout the 
study area in order to determine if mudstone diagenesis in the region has been a closed or open 
chemical process; 2) establishing whether there is any relation between mudstone composition 
and source area, depth of burial, sediment age, and/or salinity;  3) determining whether 
diagenetic processes occurring in the western Gulf of Mexico offshore (including Matagorda, 
Brazos, Mustang offshore areas) are correlative with diagenetic processes previously reported for 
the onshore South-Eastern Texas coast. 
The Texas part of the study takes advantage of a large regional data set that includes bulk 
chemical compositions versus depth from shale cuttings and core samples of 14 offshore wells 
from which major oxides and trace elements versus depth have been measured, and XRD 
mineralogy analyses of mudstones for three of these wells. In addition, ten borehole SP-
resistivity logs from these wells were used to determine lithologies, salinities, temperatures, and 
fluid pressures.  
1.4 Southwest Louisiana Study 
Collins (1975) published a series of maps showing regional variations in the salinity of 
formation waters in the Wilcox formation in the Texas, Louisiana, Arkansas, and Mississippi 
Gulf Coast, USA. Although not explicitly discussed by Collins, Wilcox formation waters show a 
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pronounced maximum in salinity that is situated approximately 120 mi (200 km) from the 
present coastline and a progressive decrease in salinity downdip to the south and southwest 
toward the Gulf of Mexico (Figure 1.1). Collins recorded salinities of less than 5,600 mg/L along 
the entire 620 mi (1000 km) extent of the southernmost margin of his study area. This regional 
pattern of salinity variations is difficult to explain because the depositional environment of the 
Wilcox changes from predominantly freshwater continental setting in the north and northwest to 
predominantly marine to the south (Fisher and McGowen, 1969).  
Funayama and Hanor (1999) studied the regional variations in salinity within the Wilcox in 
Louisiana and confirmed Collins' general pattern in salinity for the Louisiana portion of the Gulf, 
i.e., a salinity maximum approximately 75 to 125 mi (120 to 200 km) landward from the present 
shoreline and waters of very low salinity toward the extreme south. Funayama and Hanor 
concluded that the elevated salinities within the continental section of the Wilcox in central 
Louisiana were the result of the pervasive introduction of brines derived from the subsurface 
dissolution of updip salt domes. They noted that there is an abrupt decrease in Wilcox salinities 
downdip along a zone which corresponds spatially to the top of overpressure in the Wilcox. They 
suggested that this downdip decrease in salinity within the Wilcox represented the updip 
migration or expulsion of low salinity waters derived in part from dehydration reactions, 
including the transformation of smectite to illite.   
Produced Wilcox waters of unusually low salinity have been noted at the Righthand Creek 
field in Allen Parish, LA (A. Cerniglia, personal communication). The availability of sidewall 
cores and other information from the producing interval in this field suggested that the 
hypothesis that the smectite to illite transition may be responsible for the origin of the low 
salinity of the produced waters could be tested by an X-ray diffraction study of the clay minerals 
in the cores.  
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Figure 1.1 Map showing the spatial variations in formation water salinities in the Upper 
Wilcox. Modified from Collins (1975).  Dashed line is the updip extent of the Upper 
Wilcox, and the dash-dot line is the downdip extent of control.  Note decrease in 
salinities toward the south and southeast. 
 
 
 
 11 
CHAPTER 2. GEOLOGIC SETTING OF OFFSHORE TEXAS STUDY AREA 
The study area includes the Brazos, Mustang Island, and Matagorda Island Texas 
offshore areas (Figure 2.1). Data utilized in this study include bulk chemical analyses of samples 
from boreholes and well logs for 14 wells from sub-seafloor depths of 100 m (300 ft) to over 5 
km (15,000 ft). The wells are located in two arcs that are parallel to the Texas coast at distances 
of approximately 36 km and 70 km from the shore, respectively (Figure. 2.2). The inner group of 
wells parallels the Clemente-Tomas regional fault system and the outer group of wells parallels 
the Corsair regional fault system (Seni et al., 1997). 
This chapter summarizes the depositional history of the region, with an emphasis on the 
major depositional events in the timeframe in which most of the sediments used in this study 
were deposited: the Miocene. An understanding of the sources of sediment which entered into 
study area and the environments of deposition is important in determining the potential 
importance of source versus diagenesis in explaining variations in sediment chemistry and 
mineralogy. The identification of the major structural and salt features located throughout the 
study area was also made in order to understand the possible origin of diagenetic events, 
overpressure, and fluid flow patterns in the region. 
2.1 Depositional History of the Gulf of Mexico 
The Gulf of Mexico Basin originated with a rifting episode in the Late Triassic during 
which the North American plate began to break and drift away from the African and South 
American plates (Salvador, 1991). The rifting phase continued through the Early and Middle 
Jurassic and caused crustal extension throughout the central part of the basin. Subsidence and 
extension formed grabens and half grabens that were later filled by sediment (Walper, 1980). An 
overview of the structural and depositional history of the Gulf of Mexico is shown in Figure 2.3. 
 12 
 
 
 
 
 
Figure 2.1 Location map of the offshore areas involved in this study. 
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Figure 2.2 Location map with offshore areas and wells used in this study. The 
numbers refer to blocks within the areas. 
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Figure 2.3 Structural and depositional history of the Gulf of Mexico basin, with N-S cross 
sections showing major periods of activity from Jurassic to recent (from Buffler, 1991). 
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Continuous lithospheric extension and sea water transgressions during the late Mid-
Jurassic resulted in the formation of the extensive salt deposits (the Louann and Campeche salt) 
(Huh et al., 1996). During the Late Jurassic the Yucatan block moved southward and separated 
from the North American Plate, and true oceanic crust formed in the central part of the basin 
(Salvador, 1991). Salt basins, cooling, and subsidence dominated the Late Jurassic, while the 
basin was filled primarily with the Smackover Formation carbonates and deep water shales 
(Buffler, 1991) 
Since the Middle Mesozoic, the central part of Gulf of Mexico basin has been continually 
subsiding due to thermal cooling and sediment loading as the basin filled with thick prograding 
clastic wedges along its northwestern and northern margins, particularly during the Cenozoic 
(Salvador, 1991). Early post-rift sedimentation (middle Jurassic to Early Cretaceous) consisted 
primarily of shallow marine platform carbonates rimming the northern Gulf basin with periodic 
siliciclastic influxes (Weimer et. al., 1998). During the Paleocene and Eocene the structure of the 
north and west portions of the basin was impacted by the Laramide orogeny, which caused 
immense volumes of terrigenous siliciclastic sediments to enter the northern and northwestern 
boundaries of the basin. Minor transgressions and regressions occurred along with the rapid 
basinward migration of shoreline deposition across the shelves (Galloway et al., 1991).  
2.2 Cenozoic Paleogeographic Evolution of the Gulf of Mexico  
During the Cenozoic there was a progressive gulfward shift of the sandstone/shale  
depocenters from older to younger Cenozoic units. The deposition of these units developed 
spatial and temporal variations in facies due to the interaction with regional subsidence, sea- level 
changes, and sediment supply (Galloway and Morton, 1991).  
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The depositional history of the basin has been described by Galloway et al. (2000), using 
depositional episodes along the basin margin bounded by marine flooding horizons. The 
major Galloway depositional episodes which occurred in the study area include the Frio 
Vicksburg (OF), Lower Miocene 1 (LM1), Lower Miocene 2 (LM2), Middle Miocene 
(MM), Upper Miocene (UP), Mio-Pliocene (PB1) (Figure. 2.4). The chronology of the 
genetic sequence for the sediments in this study and their bounding marine shale units 
and paleontologic markers are shown in Figure 2.4. The principal axes of sediment 
dispersal that were active during the Cenozoic in the Gulf of Mexico were the Rio 
Grande, Houston, Red River, Central Mississippi, and East Mississippi fluvial-deltaic 
systems. The secondary axes of sediment dispersal were the Norias, Carrizo, and Corsair 
fluvial-deltaic sys tems (Figure. 2.5) (Galloway et al., 2000). 
2.3 Paleocene-Oligocene Depositional History 
According to Galloway’s stratigraphic framework, the Lower, Middle and Upper Wilcox 
depositional episodes occurred in the study area during the Paleocene and Eocene. The Lower 
Wilcox depositional episode was the first major Cenozoic clastic sediment influx into the west 
and central Gulf Basin. The Houston Delta, was the major sediment source for the West Gulf 
Basin Floor Apron that draped the region. The Middle Wilcox episode was a short depositional 
sequence in which the incision and infilling of canyon/fan complexes began. During the Upper  
Wilcox depositional episode the Carrizo sediment dispersal axis brought sediment to the study 
area through a wave-dominated delta system.  During the Middle Eocene, the Queen City and 
Sparta episodes brought to the area muds from the wave dominated delta systems along the 
Norma and Rio Grande Axes. By the late Eocene, the wave dominated Falcon delta system 
supplied sediments from the Rio Grande during the Yegua/Cockfield depositional episodes.  
 17 
 
 
 
 
 
 
 
Figure 2.4 Chronology of Gulf of Mexico Cenozoic genetic sequences and their bounding 
marine shale units and paleontologic markers of the stratigraphic section in this study 
(Late Oligocene through Early Pliocene). Genetic sequences record the principal basin 
filling depositional episodes (after Galloway et al., 2000). 
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Figure 2.5 Principal (caps) and secondary (lower case) Cenozoic sediment dispersal 
axes of the Gulf of Mexico basin, and location of wells used in this study. [no = 
Norias; RG = Rio Grande; cz = Carrizo; cr = Corsair; HN = Houston; RD = Red 
River; CM = Central Mississippi; EM = East Mississippi]. After Galloway et al. 
(2000). 
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Towards the end of this depositional episode, sediment deposition decreased forming a 
continuous barrier/strand plain. 
The Oligocene was a time when subsidence increased rapidly, and thicker sediments 
were deposited along the northwestern margin of the Texas Gulf Coast (Galloway et al.,1991). 
During the Frio/Vicksburg depositional episode the western uplift of sediment source areas in 
Mexico, along with the volcanism in the Sierra Madre Occidental, generated massive amounts of 
volcanoclastics that were deposited in the northwest part of the Gulf of Mexico.  
During the late Oligocene sediment deposition was primarily on the continental slope. 
The depositional environment of these sediments was a shelf delta-fed apron composed of mixed 
sediments brought by the Rio Grande dispersal axis and deposited through the sand-rich, wave-
dominated Norias Delta, in combination with sediments brought from the fluvial dominated 
Houston Delta system (Figure 2.6). 
2.4 Miocene Depositional History  
The depositional evolution of the basin during the Miocene is described according to the 
Cenozoic paleogeographic maps and descriptions summarized by Galloway et al. (2000).  Only 
the map for the Lower Miocene will be shown here.  Refer to Galloway et al. (2000) for maps 
representing Middle Miocene, Upper Miocene, and Mio-Pliocene times.  The early Miocene 
(LM) represents the beginning of a shift in major supply axes from the western margin of the 
Gulf at the Rio Grande embayment, to the east toward the central margin of the Gulf, as the 
Mississippi system began to develop (Figure 2.7). Galloway divides the Lower Miocene into 
LM1 and LM2, representing lowermost and uppermost Lower Miocene events. During the 
Lower Miocene depositional episode the entire basin was relatively tectonically stable shore.  
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Figure 2.6 Paleogeography of the late Oligocene Frio/Vicksburg depositional episode 
(OF). Present location of the Brazos, Matagorda and Mustang Island offshore areas is 
highlighted. After Galloway et al. (2000). 
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Figure 2.7 Paleogeography of the Lower Miocene depositional episode (LM). Present 
location of the Brazos, Matagorda and Mustang Island offshore areas is highlighted. After 
Galloway et al. (2000). 
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Numerous new deltas formed around the coast. Between and flanking the deltas, extensive wave-
systems and narrow shelves captured and stored most of the sediment causing deposition to be 
low on the slope. The Rio Grande and the Norias delta system were replaced by the smaller, 
wave-dominated North Padre delta, which continued to be fed by a coarse, bed- load fluvial 
system. The south eastern part of the study area was deposited on the slope while the northern 
part was deposited on the shelf. The Mustang Island area received wave-dominated delta 
deposits and progradational delta fed apron deposits. The Matagorda and Brazos areas received 
mostly shore zone, siliciclastic shelf and shelf- fed apron deposits sourced from the Calcacieu 
delta system. The North Padre delta system was the main depositional axis of the southernmost 
part of the study area, bringing reworked Cretaceous carbonates from the Edwards Plateau, and 
older Cenozoic debris. 
The Middle Miocene (MM) was a brief depositional episode in which the Corsair delta 
was developed at the northwestern flank of the basin. This depocenter was defined by the wave-
dominated Corsair delta and apron. It continued to provide carbonate-rich shelf-margin delta 
successions stacked basinward of the prominent Corsair fault zone. Most of the study area lies 
within the area of wave-dominated Corsair Delta, its progradationa l delta-fed apron, and the 
siliciclastic shelf. Most of the sediment was trapped on the shelf, but about a fourth of the study 
area lies within the MM continental slope. During the MM depositional episode the sediment 
deposited in the study area consisted in part of carbonates derived from the unroofing of the 
Edwards Plateau, and transported by the Corsair depositional axis. 
The upper Miocene depositional episode (UM) records the final decline of the 
northwestern sediment dispersal axes, and the emergence of the central Gulf axes. The Corsair, 
Rio Grande and Norma deltas remained as minor sediment dispersal axes. The northwest Gulf 
margin during the upper Miocene was largely dominated by broad sandy strand plains that got 
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swept onto the narrow shelf and slope due to slow rates of supply and high wave energy. During 
this time the entire study area was situated on the shelf, and sediments were dominated by 
siliciclastic and mud shore zone deposits. Sediments were transported into the basin by the 
smaller Corsair, Rio Grande, and Norma deltas. 
The nearly complete shift of sediment supply and accumulation towards the east occurred 
during the Pleistocene and Pliocene depositional episodes. The two Mississippi axes acted as a 
single, large fluvial-dominated delta system. In contrast, the offshore areas of the Texas Gulf 
Coast become a sediment starved region with only a few minor sporadic sediment dispersal 
pathways occurring during this time. During the early Pliocene, as the shoreline migrated 
towards the basin, shelf deposits cover the entire study area. Depositional axes such as the Rio 
Grande, Corsair and Norma became nearly completely shut down, decreasing the overall rate of 
sediment supply to the present location of the Brazos, Matagorda and Mustang Island areas. The 
southeastern half of the study area during the Plio-Pleistocene time was composed of siliciclastic 
shelf deposits, and the northwestern half consisted mostly of shore zone muds.  
2.5 Tectonic, Faulting and Structural Setting 
The Northern Gulf of Mexico Cenozoic depocenters are cut by numerous growth faults 
having a variety of shapes, orientations, sizes, and structural complexities (Worrall and Snelson, 
1989). In the western Gulf region, the early Tertiary was a time of compressional folding and 
local volcanism associated with the Laramide orogeny. Major gravity tectonic structures such as 
growth faults, salt domes, and shale diapers and ridges formed in areas where large masses of 
sediments were deposited rapidly on the unstable, muddy, prograding continental margin. The 
scarcity of shallow salt features beneath the coastal plain and continental shelf of Texas and 
coastal western Louisiana, plus the existence there of long, linear trends of listric, regularly 
 24 
basinward-dipping faults, have evoked this hypothesis (Worrall and Snelson, 1989). Slumping 
and mass movement of sediment at the toe of large shelf-edge deltaic and continental slope 
systems initiated growth faults that ultimately extended upward through the entire sedimentary 
section as progradation progressed gulfward. Loading also mobilized underlying geopressured, 
plastic shale, and salt beds into massifs and domes that rose contemporaneously with deposition 
around them. Patterns of faulting and diapirism reflect the interplay of depositiona l and gravity 
tectonic processes (Galloway et al., 1991; Worrall and Snelson, 1989). 
Very long, regional fault systems predominate in onshore Texas, the Texas shelf, and 
parts of western Louisiana. These faults dip basinward and strike parallel to the present coast, 
and are not generally associated with near-surface salt features, although a few salt structures are 
present in far south Texas (Huh et al., 1996; Galloway et al., 1991; Worrall and Snelson, 1989). 
The major fault systems in the area of this study are: the early Miocene Clemente-Tomas, the 
middle Miocene Corsair, and the late Miocene Wanda faults systems (Figure 2.8).  
The Clemente-Tomas fault system detaches into geopressured shale ridges. These zones of 
weakness became the loci of the next generation of faults, and may extend onshore (Watkins et 
al., 1996). They are pure-shale detachment faults, because their hanging wall is over shale and 
their detachment is within shale. The Corsair and parts of the Wanda systems are hybrid systems 
with hanging walls over shale ridges and detachments in salt (Watkins et al., 1996).    
The Corsair fault is the most prominent of the long, linear growth faults on the Texas 
shelf. It is a continuous southwest northeast trending salt withdrawal fault formed during 
deposition of the middle Miocene South Brazos Delta System (Morton et al., 1985; Watkins et 
al., 1996). The Clemente-Tomas fault detaches in turn into the Brazos shale ridge. The mobile  
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Figure 2.8 Location Map of major faults in the area, and wells used in this study. 
Faults drawn after Seni et al., 1997. 
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substrate and detachment zone are formed by a single shale horizon that extends under the 
corsair hangingwall (Bradshaw and Watkins, 1995). The Wanda fault system is the youngest and 
seaward most of the long, continuous growth faults on the Texas shelf. The Wanda consists of 
numerous closely spaced, southwest-northeast striking salt withdrawal faults (Fig. 2.9) (Watkins 
et al., 1996).     
2.6 Distribution of Salt 
Salt was deposited during the Middle Jurassic in topographic lows across the rifted basin 
(Salvador, 1991). These basins were segmented along strike by the northwest-southeast trending 
strike slip transfer faults (Bradshaw and Watkins, 1995). Locations of the principal salt structures 
beneath the offshore areas and Coastal Plain of Texas are shown in Figure 2.10. During a period 
of low sedimentation in the late Cretaceous and Paleogene, salt migrated vertically out of the 
basin into regional allochthonous canopies, as salt rollers and domes. Migration of salt occurred 
during the Mesozoic and was probably driven by depositional loading and gravity spreading.  
From the Late Oligocene through the Late Miocene, large delta systems prograded over the salt 
canopies, the prograding sediment wedges created pressure gradients that squeezed the salt into 
allochthonous sheets (Bradshaw and Watkins, 1995). Locations of major salt domes in the study 
area are shown in Figure 2.11. Piercement and deep seated salt domes are limited in their aerial 
distribution; they occur in the interior of the basins in South and East Texas, on the outer edge of 
the continental shelf, and on the continental slope from Rio Grande to Louisiana (Martin 1978). 
Shale ridges, domes, and faults are the dominant features beneath the remainder of the 
continental shelf (Morton et al., 1985).   
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Figure 2.9 Seismic line showing Miocene-Clemente Tomas fault system and the Corsair-
Wanda fault family. The Clemente-Tomas fault system detaches into the Brazos (shale 
ridge) which accommodates its extension. The Corsair fault ramps across the Brazos 
(shale) ridge and merges with the Wanda fault system. UM3: Upper Miocene, MM9: 
middle Miocene., LM2: lower Miocene. (Watkins et al., 1996). 
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Figure 2.10. Location of the principal tectonic features and salt structures beneath the 
offshore areas and Coastal Plain of Texas. Brazos, Matagorda and Mustang Island 
offshore areas are highlighted. After Morton et al. (1985). Note that most of the study 
area lies outside the area of salt. 
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Figure 2.11. Location  map of major salt domes within the study offshore areas. Salt 
location drawn after Seni et al., 1997. 
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CHAPTER 3. METHODS AND TECHNIQUES 
3.1 Location of Wells Utilized in This Study 
    The chemical dataset for the 14 wells used in this study was donated by Amoco, 
and the borehole SP-resistivity public logs were obtained as scanned image files through 
the Minerals Management Service (MMS). Table 3.1 includes the fifthteen wells used in 
this study and the type of data available for each of them. Well information in this table 
includes well name used in this study, API number, offshore area and block where the 
well is located, types of logs available, indication if major oxides and trace element 
analyses were available, and indication if XRD analyses were available. Wells used by 
Gautreau-Spears (2002) for the Matagorda Area are also included. 
3.2 Chemical Analyses 
Bulk chemical analyses were available for most of the 15 wells. They were 
contracted out by Amoco from shale cuttings and core samples (Gautreau-Spears, 2002). 
Shale cuttings were hand screened with a magnet to remove drill bit fragments, and 
debris from drilling fluids were removed under a binocular scope. Only uncontaminated 
shales were analyzed for oxide weight percentages and trace elements. Analysis of these 
shale cuttings was performed by XRAL, at Don Mills, Ontario, using X-ray Fluorescence 
(XRF) techniques (Gautreau-Spears, 2002). The bulk chemical analyses are reported in 
tables with weight percentages of major oxides and trace elements versus depth. Table 
3.2 is an example of chemical data available for well OCS 3060 (MU A64). Uncertainties 
were not reported by the lab, but are assumed to be less than 10%. Negative figures 
indicate the amount present were too small to be detected. 
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Table 3.1 includes the sixteen wells used in this study and the type of data available for each of them. Well information in this table 
includes well name used in this study, API number, offshore area and block where the well is located, types of logs available, 
indication if major oxides and trace element analyses were available, and indication if XRD analyses were available. 
 
Well Name API Number Area 
Block 
Number Types of Logs 
Chemical 
Analysis 
XRD 
Analysis 
OCS 6019 42-702-40109 Mustang A21 SP, GR, COND yes yes 
OCS 6018 42-702-40105 Mustang A20 SP, GR n/a n/a 
OCS 3012  42-702-40049 Mustang A20 SP, GR, RES, COND yes yes 
OCS 3011 42-702-40037 Mustang A16 SP, GR, RES, COND yes n/a 
OCS 7193 42-712-40093 Mustang A164 SP, GR yes n/a 
OCS 6016 42-702-40092 Mustang A1  SP, GR yes n/a 
OCS 3060 42-712-40044 Mustang A64 SP GR, RES, COND yes n/a 
OCS 5000   Matagorda 622 Gautreau-Spears, 2001 n/a yes 
OCS 6032 42-703-40294 Matagorda 519 Gautreau-Spears, 2001 yes n/a 
OCS 5169 42-703-40318 Matagorda 518 Gautreau-Spears, 2001 yes n/a 
S/L 88562 30340 Matagorda 487 Gautreau-Spears, 2001 yes yes 
OCS 3937 
#1 42-704-40097 Brazos A22 
SP, GR, TENSION, 
COND yes n/a 
OCS 3937 
#2 42-704-40036 Brazos A22 SP, GR, RES, COND yes n/a 
OCS 1733 42-704-00067 Brazos 541 SP, RES, COND yes n/a 
OCS 3224 42-704-40042 Brazos A6 SP GR, RES, COND yes n/a 
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Table 3.2  Bulk chemical analyses with weight percentages of major oxides and trace elements versus depth for well  
OCS 3060 (MU A64). Note that sums are close to 100%, suggesting analyses have errors of less than 10%. 
 
Depth (ft) CO2(wt%) 
CORG, 
wt%  
Na2O, 
wt%  
MgO 
wt%,  
Al2O3, 
wt%  
SiO2, 
wt%  
P2O5, 
wt%  
S, 
wt%  
K2O, 
wt%  
CaO, 
wt%  
TiO2, 
wt%  
Cr2O3, 
wt%  
MnO, 
wt%  
Fe2O3, 
wt%  
Rb, 
ppm 
Sr, 
ppm 
Y, 
ppm 
Zr, 
ppm 
Nb, 
ppm 
Ba,ppm LOI SUM 
                       
6,510 8.13 0.37 1.11 2.46 12.80 51.20 0.14 0.71 2.47 10.30 0.60 -0.01 0.03 4.70 134.0 263.0 34.0 185.0 20.0 405.0 14.60 100.50 
6,840 10.50 0.37 1.10 3.08 11.90 47.90 0.14 0.87 2.44 12.20 0.56 -0.01 0.04 4.84 118.0 266.0 28.0 172.0 13.0 425.0 15.90 100.20 
7,500 12.30 0.56 1.03 2.66 12.30 43.00 0.16 0.66 2.29 15.00 0.55 -0.01 0.04 4.79 117.0 351.0 29.0 148.0 14.0 350.0 18.60 100.50 
9,140 10.70 0.69 0.89 2.30 13.00 43.50 0.18 0.99 2.43 13.50 0.62 0.04 0.07 4.69 197.0 294.0 28.0 134.0 10.0 741.0 17.20 98.60 
9,800 11.60 0.47 1.16 2.04 12.40 44.60 0.16 1.08 2.05 14.90 0.57 -0.01 0.03 4.85 112.0 360.0 30.0 159.0 16.0 2380.0 17.40 100.50 
10,130 8.94 0.42 1.22 1.94 14.00 47.50 0.14 0.97 2.38 11.60 0.62 -0.01 0.03 4.96 131.0 289.0 29.0 156.0 15.0 1370.0 15.70 100.30 
11,900 9.72 0.28 1.35 2.29 13.70 46.70 0.17 0.61 2.65 12.80 0.62 -0.01 0.03 4.74 127.0 328.0 26.0 150.0 14.0 290.0 15.30 100.50 
12,170 10.90 0.41 1.30 2.20 12.80 45.30 0.16 0.82 2.45 14.10 0.60 -0.01 0.04 4.76 123.0 325.0 30.0 155.0 15.0 1200.0 16.40 100.30 
12,470 8.77 0.26 1.37 2.21 13.70 48.60 0.15 0.39 2.80 11.60 0.65 -0.01 0.03 4.84 123.0 307.0 29.0 151.0 13.0 648.0 14.20 100.30 
12,860 7.10 0.37 1.50 2.21 14.20 50.40 0.14 0.47 2.92 9.72 0.65 -0.01 0.03 4.90 128.0 299.0 25.0 159.0 15.0 2350.0 13.30 100.30 
13,540 6.77 0.34 1.20 2.46 15.40 49.60 0.18 0.46 3.31 9.39 0.70 -0.01 0.03 4.93 153.0 296.0 31.0 168.0 15.0 690.0 12.90 100.30 
13,870 6.11 0.32 1.35 2.40 15.40 51.10 0.18 0.27 3.38 8.59 0.72 -0.01 0.03 4.70 147.0 318.0 29.0 165.0 17.0 1490.0 12.40 100.50 
14,200 5.74 0.36 1.30 2.33 15.90 51.90 0.18 0.41 3.59 7.83 0.73 -0.01 0.02 4.53 152.0 279.0 26.0 166.0 16.0 581.0 11.90 100.30 
14,530 6.10 0.42 1.14 2.19 16.00 51.70 0.16 0.27 3.55 8.34 0.70 -0.01 0.02 4.37 155.0 290.0 30.0 159.0 15.0 796.0 12.30 100.60 
14,890 3.97 0.34 1.03 1.97 17.90 53.80 0.13 0.10 3.63 5.36 0.73 -0.01 0.02 4.56 158.0 236.0 27.0 151.0 17.0 497.0 11.10 100.40 
15,220 4.47 0.35 1.13 1.95 16.90 54.00 0.15 0.15 3.47 6.20 0.72 -0.01 0.02 4.43 150.0 269.0 28.0 157.0 15.0 525.0 11.20 100.30 
15,570 4.74 0.34 1.05 1.96 16.90 53.50 0.15 0.12 3.42 6.51 0.73 -0.01 0.02 4.42 156.0 304.0 33.0 156.0 14.0 664.0 11.70 100.50 
15,870 4.41 0.31 1.11 2.00 16.90 53.90 0.15 0.13 3.59 6.06 0.75 -0.01 0.02 4.45 160.0 269.0 28.0 160.0 14.0 657.0 11.30 100.40 
16,200 5.07 0.37 1.00 2.02 16.60 54.60 0.15 0.18 3.43 6.97 0.73 -0.01 0.03 4.55 151.0 286.0 28.0 160.0 17.0 514.0 11.30 101.50 
16,500 4.84 0.33 1.11 1.99 16.40 54.30 0.15 0.19 3.46 6.64 0.75 -0.01 0.03 4.39 155.0 280.0 31.0 170.0 16.0 877.0 11.10 100.50 
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3.3 Evaluation of Elemental Mobility 
  The chemical analyses of mudstones generated by Amoco contain data on four 
potentially immobile components, Al2O3, TiO2, Zr, and Y. These components have been 
used by several authors (Land and Milliken, 2000; Young, and Nesbitt, 1998; Wintsch 
and Kvale, 1994) as a reference for mobile components in sedimentary rocks. In addition  
volcanoclastics have been reported as the major source sediments deposited during the 
Tertiary on the Texas Gulf Coast (Lynch, 1997; Galloway, 2000). The immobility of 
these components is due to the ionic potentials that cause them to be highly insoluble. 
In order to check for relative mobility of Zr and Y, plots were made between these 
two elements. Sums of components are close to 100%, suggesting analyses are good. 
They were also plotted against Al2O3 to check for their possible variation with respect to 
this component.  Al2O3 was used as the primary reference component in this study 
because the available analyses report the relative abundance of this oxide to three 
significant figures, unlike TiO 2 , which is reported to only two significant figures.   
The potentially highly mobile components SiO 2, CaO, and K2O were selected for 
detailed study. These components were selected because they are part of volumetrically 
significant diagenetic reactants that have been proposed in compositional transfers 
between sandstones and shales (Milliken, 2003). Export of SiO 2 and CaO from 
mudstones has been invoked as the source of quartz and calcite cements in adjacent sands 
(Boles and Franks, 1979; Winstch and Kvale, 1994; Lynch et al., 1997; Milliken and 
Land, 1991; Land et al., 1997). Import of K2O from sands into mudstones has been 
proposed as the source of potassium required in the smectite to illite transformation 
(Land et al., 1997; Berger et al., 1999; Awwiller, 1993).  
Evaluation of potential elemental mobility within the mudstones was done using 
an approach similar to that of Land and Milliken (2000), who made  mass-mass scatter 
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plots of potentially mobile components versus assumed immobile components and plots 
of the ratios of immobile to mobile components versus depth in the wells they studied. 
The first method (weight/weight scatter plots) was used in this study when the 
components to be analyzed were thought to be distributed homogenously and uniformly 
within the sediments. It consists of plotting the relatively more mobile components, SiO2, 
K2O, and CaO, in the ordinate and immobile elements in the abscissa in order to observe 
any increase or decrease of one component versus the other. The second method consists 
of plotting the ratios of the observed components over the immobile components versus 
depth to get an understanding of how concentrations of major oxides could increase or 
decrease with respect to Al2O3 as depth increases. 
3.4 Chronostratigraphy 
In order to identify the geologic ages of the sediment in each of the wells, electric 
log responses for the wells were compared to cross sections and well log data from the 
offshore Texas Gulf of Mexico reported by Morton et al. (1985). The Morton et al. data 
include common lithologies, depths, and foraminiferal biostratigraphic markers from the 
Texas Gulf Coast. Foraminiferal biostratigraphic markers are listed in Table 3.3, and they 
represent first appereances going down. 
3.5 Provenance Investigation 
Paleographic maps (Figures 2.6, 2.8, 2.9, and 2.10) from Galloway et al. (2000) 
were used to identify the principal genetic stratigraphic sequences and the extrabasinal 
fluvial sources of the sediments.  This was done by interpretation of the depositional 
history and source changes defined by Galloway et al. (2000). The methodology included 
identifying biostratigraphic markers to find the ages and depositional events, and  
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Table 3.3 Late Cenozoic chronostratigraphic chart correlated to Galloway et al. (2000) 
genetic sequence boundaries. Biomarkers used in this study have been italized (after 
Styzen, 1996) 
 
Epoch   Biostratigraphic Marker 
Absolute 
Age 
(m.y.) 
Depositional 
Episodes 
(Galloway) 
Pliocene Willis Buliminella 4.90 PB1 
  Robulus E 7.85 
Bigenerina A* (BA) 7.70 
up
pe
r 
  Bigenerina nodosaria directa   
UM 
  Textularia stapperi (TS) 11.80 
Bigenerina humblei 12.80 
  Cibicides opima 14.50 
MM 
  Amphistegina B* (AB) 15.70 
  Robulus L 16.00 
m
id
dl
e 
  Robulus mayeri 17.40 
  Robulus chamberci/ Discorbis B 18.70 
LM2 
  Marginulina ascensionensis (MA) 19.70 
  Siphonina davisi 21.20 
  Lenticulina hanseni 21.30 
Miocene 
lo
w
er
 
  Discorbis gravelli 24.20 
LM1 
  Marginulina idiomorpha* (MI) 25.60 Oligocene 
  Cibidices hazzardi 27.10 
OF 
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areas and depositional environments of the sediments. In addition, the possibility that 
there was switching of source areas during a depositional episode and/or the mixing of 
materials derived from two or more source areas was checked by plotting TiO2 versus 
Al2O3 and the ratio TiO2/Al2O3 as a function of depth and geologic age. In addition 
oxides versus TiO 2/Al2O3 and oxides/Al2O3 versus TiO2/Al2O3 plots were done to check 
if these common oxides could be associated to source endmembers. 
3.6 Physical Analyses 
Borehole logs for the 11 wells were obtained from the Minerals Management 
Service (MMS) as scanned tiff image files. The types of logs used included SP, 
resistivity, and gamma logs. Information on drilling mud density, borehole temperatures, 
resistivity of mud cakes and mud fluids, and SP responses was used in a Visual Basic/ 
Excel program written by Hanor (personal communication) to calculate in situ pore fluid 
properties such as salinity, temperature, and pressure. 
3.7 Salinity Calculations  
Apparent pore water salinities were determined using SP well log parameters such 
as depth, sand bed thickness, mudweight, bottom hole temperatures (BHTs), drilling mud 
resistivity (Rm), temperature at which Rmf was measured (Tmf), measured static 
spontaneous potential (SSP). The general algorithm used is that of Bateman (1985) and  
Bateman and Konen (1977) follows revisions made to the method by Funayama (1990), 
and Hanor (personal communication). 
3.8 Temperature  
Temperatures for SP calculations were determined by interpolating BHTs for each 
logging run and assuming linear temperature gradients. However, true bottom hole 
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temperatures are necessary to calculate in-situ pore fluid properties. Linear interpolation 
was used to determine temperatures at depths other than at the bottom of each logging 
run by assuming a linear temperature gradient between each BHT reading and an 
assumed  seabottom temperature of 68°F (20°C), based on the determination by Li et al. 
(1997) of average annual bottom water termperatures on the Texas-Louisiana continental 
shelf. Kehle (1971) provided an empirically temperature correction curve as function of 
depth that was used for correcting bottom hole temperatures, which accounts for cooling 
effects during drilling 
3.9 Pressure Calculations  
When drilling and logging wells mud weight densities are adjusted to maintain 
balance between pore pressures and bottom hole pressures. These densities are recorded 
on the log headers for every run, and they are used for calculating geostatic ratios (Gs). 
These ratios were used in this study to determine pressure versus depth relationships for 
all the wells with available well log data. In situ fluid pressures were calculated by 
multiplying geostatic ratios by depth. Geostatic ratio is defined as the ratio of fluid 
pressure at a given depth to the total height of the column (Hanor, 1987), and is 
equivalent to: Gs (psi/ft) = mudweight (lb/gal) x 0.052 (gal/in2ft) 
3.10 Lithostratigraphy 
A visual estimate of the cumulative thickness of sand beds within 100-foot (ca. 30 
m) vertical intervals was made from spontaneous potential (SP) log response, following a 
procedure developed by Bray and Hanor (1990), Funayama (1990), and Nikiel and Hanor 
(1999). Cumulative thickness was recorded as percent sand beds within each 100-foot 
(30m) interval and used to construct bar graphs showing the vertical distribution of sandy 
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and shaly intervals. Determining the distribution of sand and shale through the study area 
provides an insight into the preferred intervals through which fluid could flow. 
3.11 XRD Analyses 
Sediment mineralogy was previously determined for two wells in the Matagorda 
Area by Amoco from X-ray diffraction analysis of both whole-rock and clay-fraction 
samples by Mineralogy Inc., in Tulsa, Oklahoma (Gautreau-Spears, 2002). However, 
because if the limited amount of X-ray data available, a normative mineralogy method 
described below was also used to determine mineralogy.  
X-ray patterns were used to identify the mineral phases present in sediments in 
Matagorda 519. The mineral phases known to be present were quartz, plagioclase, K-
feldspar, calcite, kaolinite, chlorite, illite, and smectite. In addition, a normative 
mineralogy program that accounts for the mineralogy present and the mineralogy 
previously found by Lynch (1997) in the area was developed  by Hanor (personal 
communication) to determine the mineralogy of the sediments. 
3.12 Normative Mineral Composition 
Mudstone mineralogy was calculated through a normative analysis made using 
the program MUDNORM developed by Hanor (personal communication) (Gautreau-
Spears, 2002). This program uses Visual Basic for applications (VBA) program code 
embedded in a Microsoft Excel workbook to manipulate the input data via matrix 
inversion in to estimate of mineral abundances. The mineral compositions used in the 
mass balance calculations for MUDNORM were from Gautreau-Spears (2002), and 
represent intermediate and not endmember compositions. MUDNORM converts bulk 
oxide data into mineral composition and abundance data, and calculates estimates of the 
percentage of each normative mineral phase present. 
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CHAPTER 4. RESULTS  
4.1 Regional Thickness of Biostratigraphic Units  
Biostratigraphic correlation of the wells in this study shows that all sediments for 
which chemical analyses are available are Miocene in age, ranging from 5.4 to 24 Ma in 
age. Figure 4.1 shows four cross sections of wells with biostratigraphic data that were 
correlated. Cross sections have been labeled Matagorda Island, Brazos, North Mustang 
and South Mustang. 
The average thickness of the Lower Miocene (LM) in the Matagorda area is 
approximately 3,300 ft (1000 m). The Middle Miocene (MM) interval thickens towards 
the basin. It has an average thickness of 2,100 ft (640 m) in the Matagorda area There are 
no biostratigraphic markers available for the other areas below the top of the Middle 
Miocene boundary, therefore the thicknesses of the Middle and Lower Miocene intervals 
could only be measured in the Matagorda area. The Upper Miocene interval also thickens 
towards the basin. In the Matagorda area the UM has an average thickness of 1,400 ft 
(430 m); in the Brazos area 3,600 ft (1100 m), and in the Mustang area it has thicknesses 
that vary from 1,900 (580 m) to 5850 ft (1800 m), with an average thicknesses of 
approximately 4,400 ft (1350 m). 
4.2 Lithostratigraphy  
Figure 4.2 illustrates the distribution of sandy and shaly packages within 
successive 100-foot vertical interval for the wells OCS 3012 (MU A20), OCS 3060 (MU 
A64), and OCS 1733 (BA 541). Bar graphs showing sand and shale distribution for all 
wells for which SP logs were available can be found on Appendix A. Evidence of 
interfingering between sands and shales in the entire Miocene interval is present, with 
several packages of sand-rich sediments and several intervals consisting of fine-grained 
sediments. 
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Figure 4.1 Four cross sections of wells with biostratigraphic data. Cross sections 
have been labeled Matagorda Island, Brazos, North Mustang and South Mustang 
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Figure 4.2 Distribution of sandy and shaly packages within successive 100-foot vertical 
interval for wells OCS 3012 (MU A20), OCS 3060 (MU A64), and OCS 1733 (BA 541). 
Bar graphs show % sand beds in 100-foot (30m) vertical intervals. Dashed lines indicate 
boundaries of data available. 
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 The Lower Miocene in the Matagorda area consists of a sandy interval with a 
prominent shale package approximately 2,000 ft (600 m) in thickness located at 12,000 ft 
(3750m) of depth, this shale package has been described by Gautreau-Spears (2002), and 
it can be correlated across the Matagorda 519 field. In the Brazos Area the LM intervals 
were not defined due to the lack of biostratigraphic markers below the top of the MM 
(Figure 4.2). In the Mustang area the LM2 interval stratigraphically above LM1 has a 
thick shale layer approximately 1,600 ft (500 m) thick in the middle of the interval, and 
more sandier packages at the top and base of LM2 (Figure 4.2). Lower Miocene 
sediments (LM1) in the Mustang area are composed of a sandy interval having an 
average thickness of 3,000 ft (900 m). In wells OCS 6019 (MU A21), OCS 6018 MU 
(A20), and OCS 3012 (MU A20) located in the Mustang area (Appendix A), at least two 
thin shale layers can be distinguished within this interval.  
The Middle Miocene interval in the Brazos area consists of an approximately 
3,500 ft (1000 m) thick sand rich interval that thins and gradually becomes shaly 
eastward toward the basin (Appendix A). The Middle Miocene (MM) interval in the 
Mustang area wells has a shale package approximately 2,000 ft (600 m) thick at the base; 
and a thinner sand package approximately 1,400 ft (430 m) thick at the top (Figure 4.2). 
The Middle Miocene in the Matagorda area has overall thicker sandier packages the other 
two areas. There is evidence of a 1,500 ft (460 m) in thick prominent sand interval at 
6,500 ft (2000 m) at the base of the MM interval. It gradually becomes shalier towards 
the top of the interval.  
The Upper Miocene in the Brazos area consists of a sandy thick package that 
becomes thinner and less sandy towards the eastern side of the basin. The UM data in the 
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Mustang area are uncertain because of poor log responses. However, logs for wells OCS 
6016 (MU A1) and OCS 3060 (MU A64) indicate that this interval is sandy (Appendix 
A). Limited data from poor log responses for the Pliocene sequence indicates the 
presence of a thick shale package. There are only poor log responses for the UM in the 
Matagorda area wells. 
4.3 Fluid Pressure  
 
Calculated fluid pressures in the Mustang Area increase gradually with depth 
(Appendix A), and abrupt changes are not present in most wells, with the exception of 
well OCS 3224 (BA A6) (Figure 4.3). Changes in pressure gradient do not seem to be 
related with age. All wells show a gradual increase in the degree of overpressuring with 
depth. However, none of the pressures reach the lithostatic pressure gradient, and there 
are no rapid increases in pressure with depth. 
In Figure 4.3, well OCS 3224 (BA A6) in the Brazos area shows an abrupt 
increase in pressure at an approximate depth of 13,000 ft (4000 m). Wells OCS 6032#1 
(MI 519), OCS 5169 (MI 518), and OCS 88562 (MI 487) in the Matagorda area show an 
abrupt transition from hydrostatic to overpressure conditions at depths of approximately 
11,800-13,200 ft ( 3600–4000 m) (Gautreau-Spears, 2002). At these depths fluid pressure 
increases by 20-40 MPa over the intervals of approximately 325-650 ft (100-200 m). 
4.4 Temperature   
Corrected borehole temperatures for the Mustang Island Area increase 
approximately linearly with depth (Appendix A). Temperatures range from 130-360°F 
(54-182°C) for well depths of 2,600-17,000 ft (800-5200 m). The average temperature 
gradients for wells in the Mustang area range from 0.81 to 2.42 °F/100ft (3.01 to 26.33 
°C/km). 
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Figure 4.3 Pressure versus depth profiles for wells OCS 6018 (MU A20) and OCS 
3224(BA A6). 
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 In the Brazos area temperatures range from 150-390°F (66-199°C) for well depths 
of 1,000-17,500 ft (300-5300 m), and temperature gradients for most wells are 
approximately linear (Figure 4.4). Average gradients in the area range from 0.73 to 1.46 
°F/100 ft. Well OCS 3224 shows an abrupt decrease in temperature gradient, at a depth of 
approximately 13,000 ft (4000 m), where the gradient rapidly decreases from 2.89 to 0.79 
°F/100ft (34.89 to 3.37 °C/km).  
Gautreau-Spears (2002) found that temperatures in the Matagorda Area range 
between 50-254°F for a depth interval of 1,000-14,950 ft. In addition, Gautreau reported 
temperature gradients for Matagorda to be approximately linear, with a rapid increase 
from 1.52 to 1.61°F/100ft (5.95 to 6.31°C/km) at a depth of 12,800-12,950ft (3917-3947 
m), which corresponds to the top of the overpressure in the area.   
4.5 Salinity 
Salinities in the Southern Mustang area are variable and range from 15,000 to 
120,000 mg/L (Appendix A). Upper and Middle Miocene sections have higher salinities 
than Lower Miocene samples with the exception of well OCS 3011 (MU A16), which 
displays salinities close to normal sea water in the UM. In the southern Mustang Area 
salinities are considerably lower than the rest of the areas, and approach values of normal 
sea water (Figure 4.5).   
 Salinities of the UM in the Brazos Area range from 50,000 to 100,000 mg/L at 
depths of 4,000-8,000 ft (1200-2500 m). They also start decreasing with depth in the 
MM. In the LM salinities continue decreasing with depth and approaching values of 
normal sea water (Figure 4.5).    
 
 46 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4 Temperature versus depth profiles for wells OCS 6018 (MU A20) and OCS 
3224 (BA A6). 
 
 
 
 
OCS 6018 (MU A20)
Ft = 122.64°C - 4296.8
R2 = 0.9972
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
0 50 100 150 200
Tf in situ (°C)
D
ep
th
 (
ft
)
OCS 3224 (BA A6)
Ft = 107.68°C - 3166.4
R2 = 0.9683
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
0 50 100 150 200
Tf in situ (°C)
D
ep
th
 (f
t)
 47 
OCS 3012 (MU A20)
0
2,000
4,000
6,000
8,000
10,000
12,000
14,000
16,000
18,000
0 50,000 100,000 150,000
TDS (ppm)
D
ep
th
 (f
t)
PB1
UM
MM
LM2
LM1
 
OCS 3011 (MU A16)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
0 50000 100000 150000
TDS (ppm)
D
ep
th
 (f
t)
UM
MM
 
OCS 6016 (MU A1)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
0 50000 100000 150000
TDS (ppm)
D
ep
th
 (f
t)
 
OCS 3224 (BA A6)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
0 50000 100000 150000
TDS (ppm)
D
ep
th
 (f
t)
UM
MM
 
Figure 4.5 Salinities versus depth profiles for wells OCS 3012(MU A20), OCS 3011 
(MU A16), OCS 6016 (MU A1), OCS 3224 (BA A6). Dashed lines show normal sea  
water salinity (˜35,000 ppm). 
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 In the Matagorda area, there is a general increase in salinity with depth from 
4,000 to 11,000 ft (1200-3400 m) and high degree of variability. Salinities range in this 
upper zone 50,000 and 100,000 mg/L. There is a salinity reversal at the base of the upper 
zone, and below a linear increase in salinity with depth (Gautreau-Spears, 2002). 
4.6 Evaluation of Potentially Immobile Components  
In order to describe the behavior of major cations with increasing depth, analysis 
of the relative mobility of oxides containing mobile cations such as SiO 2, K2O and CaO 
was performed. TiO 2, Al2O3, Zr, and Y were evaluated to test their potential immobility 
within the mudstones in this study. 
· TiO2 vs. Al2O3 Analyses 
The regression line for plots of TiO 2 vs. Al2O3 for all the wells in the Mustang and 
Brazos Areas indicates covariation between these two components, regression lines have  
good statistical fits as reflected in the R2 values, and slopes are similar for most wells 
(Appendix B). Figure 4.6 illustrates examples of wells in each of the cross sections in this 
study; OCS 6019 (MU A21), OCS 3060 (MU A64), and OCS 3037 #1 (BA A22), OCS 
6032 #1 (MI A21). These plots suggest the existence of two source endmembers mixing; 
one with a higher ratio of TiO2/Al2O3 (A˜ 0.053) and one with a lower ratio (B˜ 0.041). 
The numbers in parenthesis are the highest and lowest ratios encountered in samples 
investigated (Figure 4.7). In addition, TiO2 has been reported to covary with Al2O3 in the 
Matagorda Area (Gautreau-Spears, 2002). This behavior agrees with authors such as 
Land and Milliken, 2000, Young, and Nesbitt, 1998, Wintsch and Kvale, 1994, who 
found that these two components are relatively immobile in sediments of similar to the 
mudstones investigated. 
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Figure 4.6 TiO 2 versus Al2O3 weight percents for wells OCS 6019 (MU A21), OCS 3060 
(MU A64), OCS 3037#1 (BA A22), and OCS 6032 #1 (MI 519). 
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4.7 The TiO2-Al2O3 systematics can be explained by the mixing of detrital material 
derived from two end member sources having different TiO 2/Al2O3 ratios. Dashed lines 
represent the source end members. The higher TiO 2/Al2O3 end member is “A”, and the 
lower TiO2/Al2O3 end member is “B”. 
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TiO2/Al2O3 versus depth plots were made to observe the variation of this ratio with depth. 
Most of the plots show shifts between the possible two end-members, representing 
intermixing of two these two sources with depth (Appendix B). TiO2/Al2O3 ratios in the 
Mustang area increase with depth in the Upper Miocene interval between 2,000 and 4,000 
ft (600-1600 m), and at the base of the Middle Miocene between 6,000 and 11,000 ft 
(1800-3300 m), below this interval, at the base of the Lower Miocene section there is a 
zone of lower ratios. These zones of higher and lower TiO 2/Al2O3 ratios are illustrated in 
Figure 4.8, for wells OCS 6018 (MU A20), OCS 3937 #1 (BA A22), and OCS 6032 #1 
(MI 519) In the Brazos area the overall TiO2/Al2O3 ratios is lower than in the Mustang area. 
Well 3937 #1 (BA A22) shows the general increase with depth in the ratio for the Middle 
Miocene section. In the Matagorda area TiO 2/Al2O3 ratios decrease overall with depth, 
especially at the base of the Lower Miocene between 12,000 and 14,000 ft (3600-4300 
m). This trend is observed in well 6032#1 (MI 519).TiO 2/Al2O3 ratios are lower for wells 
in Matagorda. 
· Zr vs.Y Analyses 
In an attempt to evaluate for relative mobility of Zr and Y, cross-plots of these 
trace elements against each other were made (Appendix C). Figure 4.9illustrates 
examples of Zr and Y behavior for wells OCS 6018 (MU A20) and OCS 6018 (MU A1). 
For all wells within the entire study area, these two elements show no indication of 
covariation. Zr and Y were also plotted against Al2O3 to check for mobility with respect 
to this immobile compound (Appendix III). These plots show no covariance of these two 
elements with respect to Al2O3 (Figure 4.9).  
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Figure 4.8 TiO2/Al2O3 ratio versus depth for wells OCS 6018 (MU A20), OCS 6016 (MU 
A1), OCS 3037#1 (BA A22), OCS 6032 #1 (MI 519). 
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Figure 4.9 Zr versus Y and Zr versus Al2O3 weight percent for wells OCS 6018 
(MU A20) and 6016 (MU A1). 
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 In the Matagorda Area, Y has been reported to be less constant with increased 
Al2O3 and TiO2, and Zr does not covary with respect to Al2O3 (Gautreu-Spears, 2001). 
This suggests variation in the initial concentrations of Zr during deposition. Zr has been 
considered grain size dependent in sedimentary rocks (Land et. al, 1997). Therefore both 
Zr and Y were discarded as reference immobile components. 
4.7 Major Oxides – Al2O3 Relations  
· SiO2 and Al2O3 
 In all the wells for the Mustang, Brazos, and Matagorda areas the intercept with 
the ordinate of the regression line is positive. Figure 4.10 shows the behavior of SiO 2 
versus Al2O3 for well OCS 6018 (MU A20). R2 values of straight line fits are not close to 
1. However, the general trend can be observed in the slopes of the straight line fits since 
most of the slopes are positive or flat (Appendix C). 
Silica shows a general decrease with depth relatively to Al2O3 in 13 out of 14 
wells in all the study area (Appendix D). The exception is well OCS 3011 (MU A16), 
where SiO2/Al2O3 concentrations increase with depth. The Upper Miocene section of well 
OCS 6018 (MU A20) has a zone of enrichment at depths between 2,000-4,000 ft (600-
1600 m) (Figure 4.11). 
Silica shows an overall depletion with depth in the Matagorda area, wells OCS 
6032#1 and S/L 88562, and a relatively constant profile with increasing depth for well 
OCS 5169. The top of overpressure occurs just below a zone of relatively enriched SiO 2 
(Gautreau-Spears, 2002). A zone of apparent silica enrichment occurs in this area in well 
OCS 6032 #1 (MI 519) at a depth range of 14,000-16,000 ft (4300-4900 m) (Figure 
4.11). 
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Figure 4.10 Major oxides versus Al2O3 for well OCS 6018 (MU A20). 
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Figure 4.11 SiO 2/Al2O3 ratio versus depth for wells OCS 6018(MU A20), OCS 3011(MU 
A20), OCS 6032 #1(MI 519), and OCS 5169 (MI 518). 
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· K2O and Al2O3 
The intercept with the ordinate of the regression line is negative in all the Mustang, 
Brazos and Matagorda wells. Slopes for all the straight fit lines in all wells are positive. 
Figure 4.10 shows the behavior of K2O versus Al2O3 for well OCS 6018 (MU A20). The 
exceptions are wells OCS 3937# 2, OCS 3012 and OCS 1733 which have few data 
points. The R2 values for these cross-plots are considerable better than in other oxides. 
(Appendix C). 
In general, K2O concentrations are less than SiO 2 and CaO. The K2O/Al2O3 ratio 
decreases with depth in PB1, UM, MM, and the top part of LM2 until approximately 
8,000 ft. Below this depth there is an interval where concentrations increase with depth 
from approximately 8,000 to 14,000 ft (2500-4300 m), for most of the LM1. At depths of 
approximately 14,000 ft (4300 m), data show an interval of K20/Al2O3 ratio decrease with  
depth. The behavior described is particularly evident for wells with more data points, 
such as OCS 6019 (MU A21), OCS 6018 (MU A20), OCS 3937 #1 (BA A22) and OCS 
6032 #1 (MI 519) (Figure 4.12). In the Brazos area less significant trends due to sparse 
data can be established (Appendix D). 
Matagorda plots show similar enrichment patterns for most wells, with no 
apparent irregularities representing unusually high or low values for K2O (Appendix D). 
Significant enrichment with time of K2O occurs below the top of the overpressure at 
approximately 12,000 ft (3600 m). (Gautreau-Spears, 2002). 
· CaO  and Al2O3  
All the slopes of the straight fit lines are negative. Figure 4.13 shows the behavior 
of CaO versus Al2O3 for well OCS 6018 (MU A20). The R2 values vary from 0.4 to 0.8 
for all wells in all the offshore areas. (Appendix C). There is a decrease in CaO/ Al2O3 
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Figure 4.12 K2O/Al2O3 ratio versus depth for wells OCS 6019 (MU A21), OCS 
6018(MU A20), OCS 3937 #1, and OCS 6032 #1(MI 519). 
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Figure 4.13 CaO/Al2O3 ratio versus depth OCS 6018 (MU A20), OCS 3060 (MU A64), 
OCS 6016 (MU A1), and OCS 6032 #1(MI 519). 
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ratios with depth for all wells in the Mustang and Brazos areas. No well displays 
enrichment of CaO with depth (Appendix D). Wells OCS 6018 (MU A20), OCS 6016 
(MU A1), and OCS 6032 #1 (MI 519) show CaO peaks at the UM, MM and LM2 
intervals (Figure 4.13). 
The Matagorda area CaO shows two distinct zones of enrichment in all wells, an 
upper zone between 6,600-9,800ft (2000-3000m) and a second zone between at depths of 
12,000-14,000 ft (3600-4200 m) (Figure 4.13) The top of the overpressure at 12,000 ft 
(3600 m) corresponds to the middle of the second zone of enriched CaO in all wells 
(Gautreau-Spears, 2002). 
4.8 Oxide - Al2O3 – TiO2 Systematics 
The TiO2 versus Al2O3 plots for many of the wells in the Mustang Island area in 
the southwestern part of the study area may represent the mixing of two end member 
sources, one having a TiO 2/Al2O3 mass ratio of approximately 0.40 and the other a ratio 
of 0.54. These ratios represent the lowest and highest values found in all samples. Four 
out of the seven wells (OCS 6019, 6018, 7193, and 3060) have r2 values ranging from 
0.84 to 0.93.  Well OSC 3011 (MU A16) has a much lower statistical fit (r2 = 0.61) but 
the least squares slope and intercept are similar to the previous four wells.   Two wells 
(OCS 3012 and 6016) show considerable scatter and have low r2 values. There is a great 
deal of scatter in TiO 2/Al2O3 ratios as a function of depth in the Mustang Island wells, but 
there a general trend of increasing TiO 2/Al2O3 upward in most of the wells. 
 There are fewer analyses available for the Brazos wells, but the least squares plots 
have similar slopes, intercepts and r2 values to the Mustang Island wells.  The 
stratigraphic intervals for which analyses are available are much narrower than for the 
Mustang Island area, and delineation of a trend in TiO 2/Al2O3 with depth is less obvious 
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than for the MI wells. With the exception of well OCS 6032, the slopes and intercepts of 
the TiO2-Al2O3 plots for the MI wells are similar to those for the MU wells. Overall there 
is a general trend of increasing TiO 2/Al2O3 ratio upward. 
All the components (SiO 2, K2O, CaO, Zr, and Y) studied were plotted against 
TiO2/Al2O3 ratios to determine if they were associated to two or more possible source 
end-members (Appendix E). If no similar trend is observed, the concentration of these 
components can be considered independent of source. In addition, oxides were 
normalized to Al2O3 and plotted against TiO 2/Al2O3 in order to check for variations 
associated with the possible source end-members.  
· Oxide vs. TiO2/Al2O3   
These plots were made to determine if the mobile oxides (SiO2, K2O, CaO) had 
concentrations associated with the potential source endmembers, or if instead their concentration 
variations could be explained by diagenesis (Appendix E). There was considerable scattering in 
these plots for all wells. R2 values are very small. However, slopes of the linear regression lines 
show consistent behavior. Although the r2 values for the oxide versus TiO 2/Al2O3 plots are 
generally low, the following observations can be made.  Plots of SiO 2 versus TiO2/Al2O3 are 
generally flat or slightly negative; the K2O plots have negative slopes, and the CaO plots 
generally have positive slopes.  The oxide/Al2O3 versus TiO2/Al2O3 plots as a group have higher 
r2 values.  Plots of SiO 2/Al2O3 versus TiO2/Al2O3 plots have positive slopes, the K2O/Al2O3 plots 
have negative slopes, and most of the CaO/Al2O3 plots have positive slopes (Appendix E). 
Figure 4.14 shows oxide versus TiO 2/Al2O3 relations for well OCS 6018 (MU A20). If one 
assumes that the two putative end member sources had a narrow range of SiO 2, K2O, and CaO 
values, and that the major oxide compositions of these end members can be reconstructed, then it 
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Figure 4.14 Oxide versus TiO 2/Al2O3 relations for well OCS 6018 (MU A20).  
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is possible to use the oxide versus TiO 2/Al2O3 plots to estimate the net gain or loss of the 
component from an initially conservative and linear mixing trend.  The linear regression 
equations for the oxide versus TiO 2/Al2O3 plots have the form:  
wt% oxide = a + b(TiO 2/Al2O3). 
These equations were used to calculate the predicted wt% of the oxide assuming a pre-
diagenetic linear mixing trend. The measured wt% minus the predicted wt% yields the apparent 
net diagenetic gain or loss of the component, which will be referred to as D K2O, D SiO2 and D 
CaO. Regression lines were run for the entire data set for two wells, OCS 6019 (MU A21) and 
OCS 6018 (MUA20). The results are shown in Figure 4.15. D K2O values with depth for both 
wells show a large net gain of K2O for samples below 12,000 ft. The overall behavior of SiO 2 
displays a slight net gain in concentrations with depth, and large peaks at the locations of 
possible quartz cemented zones. The D CaO values show decreasing concentrations with depth, 
and enrichment in the zones of possible calcite cemented zones. It should be emphasized that the 
linear regression equations may themselves reflect some effects of diagenesis and that the D 
oxide plots should be considered preliminary. 
· Oxide /Al2O3 vs. TiO2/Al2O3   
In these plots the oxides were normalized with aluminum oxide in an attempt to 
improve the R2 values (Appendix E). The R2 values improved in comparison to the set of 
oxides versus TiO 2/Al2O3 cross-plot set, and the slopes of the straight fit lines behave 
similar to the previous set of cross-plots. For SiO 2/AlO2 ratio slopes are flat or positive;  
slopes are negative for K2O/Al2O3; and positive for CaO/ Al2O3. However, R2 values are 
still very low. Figure 4.16 shows oxide/Al2O3 versus TiO2/Al2O3 relations for well OCS 
6018 (MU A20). 
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4.15 Results  of the apparent net diagenetic gain or loss of component, referred to as 
DK2O, D SiO2 and D CaO for wells OCS 6019 (MU A21) and OCS 6018 (MUA20).  
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Figure 4.16 Oxide/Al2O3 versus TiO2/Al2O3 relations for well OCS 6018 (MU A20).  
 66 
The K2O/Al2O3  vs. TiO2/Al2O3 values are comparable to the Land et al. (1997) 
onshore well results. Land et al. (1997) results are summarized in Figure 4.17. K2O/Al2O3 
ratios for well in the study area overall have slightly lower values than the ones reported 
from the Land et al. onshore well, in addition the overall trend of K2O/Al2O3 with respect 
to TiO2/Al2O3 is opposite to the one Land et al. (1997). 
4.9 Mudstone Mineralogy 
 
· XRD Analyses 
 
XRD analyses data were available for wells OCS 6019, OCS 6018 in the Mustang 
Area, and well OCS 5000 in the Matagorda Area. Figure 4.18 shows the variation in 
relative mineral abundances in the mudstones, as determined by XRD, versus depth; 
minerals with abundances less than 3% were not plotted.  Mixed I-S is the most abundant 
mineral phase in the mudstones, followed by quartz, calcite, and illite. Other mineral 
phases such as plagioclase, K-feldspar, dolomite, chlorite, pyrite and kaolinite are all less 
abundant and only present as minor and trace minerals. 
4.10 Normative Mineralogy 
MUDNORM was run using mineral stoichiometries based on Gautreau-Spears, 
2002. However, the program was adjusted for the distribution of Fe2O3 among mineral 
phase s and dolomite was added as a new mineral phase (Hanor, personal 
communication, 2005).   
· Quartz 
Normative quartz abundances in the Mustang area vary between 10 and 30 wt%. In 
Lower Miocene sediments at depths of approximately 12,000 ft (3600 m) there is an abrupt  
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Figure 4.17 K2O/Al2O3 versus TiO2/Al2O3 for modern mudstones and mudstones from a 
single well in the Texas onshore (after Land et al., 1997). 
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Figure 4.18 XRD data for wells OCS 6019 (MU A21), OCS 6018 (MU A20), and OCS 
5000 (MI 622). 
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Figure 4.19 Normative quartz versus depth profiles for wells OCS 6018(MU A20), OCS 
6016 (MU A1), OCS 3937#1(BA A22), and OCS 6032 #1 (MI 519). 
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overall decrease in abundance downwards (Appendix F). This decrease is particularly 
obvious in wells OCS 6018 (MU A20) and OCS 6016 (MU A1) (Figure 4.19). Well OCS 
6018 (MU A20) shows two zones of quartz enrichment in the Upper Miocene and Lower 
Miocene 2. The first peak is at depths between 2,000-4,000 ft (600-1200 m), and the 
second enrichment zone is at approximately 12,000 ft (3600 m). Normative quartz 
abundances show an overall decrease with depth in the Brazos area, evident in well OCS 
3937 #1 (BA A22).The overall trend for Matagorda shows a decrease in abundance of 
quartz with depth for all wells. Well OCS 6032 #1 (MI 519) has a peak of quartz at the 
base of the Lower Miocene at 13,000 ft (4000 m) (Figure 4.19).  
· Alkali Feldspar 
 Figure 4.20 shows normative alkali feldspar concentrations with depth for wells 
OCS 6018 (MU A20), OCS 3060 (MU A64), OCS 3937 #1 (BA A22). Feldspar 
abundances in the Mustang Area vary between 6 and 14 wt% (Appendix F). 
Concentrations peak in the Upper Miocene section at 3,000 ft (900 m) and show a trend 
of depletion in the Lower Miocene below 12,000 ft (3600 m). Feldspar abundances in the 
Brazos Area are lower than in the Mustang area, and range between 2 and 9 wt%. In the 
Matagorda area feldspar abundances initially increase with depth in the Middle Miocene 
section at depths between 6,000 and 9,000 ft (1800-2800 m). For the Lower Miocene 
sediments below 10,000 ft concentrations start decreasing with depth. The depth range 
for the transition from enriched feldspar to depletion of feldspar is between 8,000 -11,000 
ft (2400-3350 m). 
· Smectite  
Figure 4.21 shows normative smectite concentrations with depth for wells  
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Figure 4.20 Normative feldspar versus depth profiles for wells OCS 6018(MU A20), 
OCS 3060 (MU A64), OCS 3937#1(BA A22). 
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Figure 4.21 Normative smectite versus depth profiles for wells OCS 6018(MU A20), 
OCS 3060 (MU A64), OCS 3937#1(BA A22), and OCS 6032 #1(MI 519). 
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OCS 6018 (MU A20), OCS 3060 (MU A64), OCS 3937 #1 (BA A22), and OCS 6032 
(MI 519). Smectite normative mineralogy abundances in all wells show an overall 
decrease with depth (Appendix F). However, smectite concentrations increase with depth 
in shallow samples in the Pliocene and Upper Miocene sections, and this can be observed 
in well OCS 6018 (MU A20). For most wells there is a zone of smectite depletion below 
a depth of 12,000 ft (3600 m) in Lower Miocene samples.  
· Illite 
Normative illite abundances increase with depth for most wells in the Mustang 
and Brazos Areas. The enrichment increases abruptly in the Lower Miocene, below 
11,000 ft (Appendix F). Well 6018 (MU A20), in addition shows a zone of illite depletion 
at 3,000 ft in the Upper Miocene Section (Figure 4.21). In the Matagorda area illite 
concentrations increase in the Lower Miocene below approximately 10,000 ft (3000 m) 
(Figure 4.22).  
· Illite plus Smectite 
These plots are the addition of the illite and smectite mineral phases, and these 
two phases together represent the most abundant mineral concentrations in all samples, 
concentrations vary from 33 to 54 wt% (Appendix F). Figure 4.23 shows I/S 
concentrations with depth for wells OCS 6018 (MU A20), OCS 3060 (MU A64), OCS 
3937 #1 (BA A22), and OCS 6032 (MI 519). In the Mustang and Brazos areas there is an 
overall increase in abundance particularly for the Lower Miocene below 10,000 ft (3000 
m), where illite plus smectite abundances show an enrichment trend with respect to 
shallower sediments. Abundances in the Upper and Middle Miocene instead show a 
decreasing trend with depth. In Well OCS 3060 (MU A64) this decrease is seen at depths 
between 6,000 and 10,000 ft (1800-3000 m) (Figure 4.23). 
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Figure 4.22 Normative illite versus depth profiles for wells OCS 6018(MU A20), OCS 
3060 (MU A64), OCS 3937#1(BA A22), OCS 6032 #1(MI 519). 
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Figure 4.23 Normative illite plus smectite versus depth for wells OCS 6018 (MU A20), 
OCS 3060 (MU A64), OCS 3937 #1 (BA A22), OCS 6032 (MI 519). 
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· Kaolinite 
A decrease in abundances of normative kaolinite is observed between 6,000-
10,000 ft (1800-3000 m) in most wells of the Mustang Area, corresponding to the UM-
MM boundary. Below this interval the trends changes to overall enrichment with depth 
that occurs for most of the LM sections (Appendix F). All wells in the Brazos Area show 
overall increase of kaolinite abundance with depth (Figure 4.24). In the Matagorda area, 
kaolinite abundances overall decrease with depth, and that the MM section has the higher 
concentrations of normative kaolinite than the UM samples. 
· Chlorite 
Chlorite abundances with depth vary from 1 to 6 % wt. Most wells in Mustang 
show a slight increase in concentration with depth in the Pliocene, Middle Miocene and 
base of the Lower Miocene section, and a decrease trend downwards in the Upper and top 
of the Lower Miocene (Appendix F). Well OCS 6018 (MU A20) has a zone of very low 
chlorite abundances at 4,000 ft (1200 m) of depth that corresponds to the base of the UM 
(Figure 4.25). In the Brazos area the overall trend is of decrease in normative chlorite 
abundance with depth. In contrast, wells in the Matagorda area show that normative 
chlorite increases with depth in the MM and LM. 
· Calcite 
Normative calcite versus depth plots for all wells in the Mustang and Brazos areas 
show an overall trend of calcite concentration decreasing with depth (Appendix F). 
Shallower and younger sediments are enriched with calcite relative to the deeper 
sediments. Zones of high normative calcite are observed in well OCS 6018 (MU A20) in 
the UM at 2,200 ft (670 m), MM at 6,000 ft (1800 m) and LM at approximately 9,000 ft 
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Figure 4.24 Normative kaolinite versus depth for wells OCS 6019 (MU A21), OCS 3060 
(MU A64), OCS 3937#1 (BA A22), and OCS 5169 (MI 518). 
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Figure 4.25 Normative chlorite versus depth for wells OCS 6018(MU A20), OCS 3060 
(MU A64), OCS 3937#1(BA A22), and OCS 6032 #1(MI 519). 
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 (2700 m) may represent cemented zones (Figure 4.26). Calcite abundances decrease 
rapidly in the LM1 at depths of 12,000ft. Results of calcite decrease with depth in these 
areas are consistent with results for CaO decrease versus depth for wells located in these 
two offshore areas. In the Matagorda area wells show an overall trend of calcite 
enrichment with depth. Two peaks of high calcite abundance are observed on wells in 
Matagorda. A first peak occurs near 7,000 ft (2100 m) in the MM, and a second peak 
occurs at approximately 13,000 ft (4000 m) in the LM (Figure 4.26).  
· Dolomite 
Dolomite is not a very abundant mineral phase. On average approximately 3 wt% 
dolomite is present in the samples (Appendix F). Normative dolomite concentrations vary 
slightly only with depth most wells in this study with the exception of small peaks that 
occur in PB1, MM, and LM (Figure 4.27). In the Matagorda area, MUDNORM yielded 
constant concentrations of normative dolomite with depth. 
4.11 Well OCS 7193 (MU A164) 
This well is located in the extreme southeastern part of the study area. The well 
shows much different compositional trends than the other wells. Pressures and 
temperatures with depth are similar to the other wells in the study area. However, 
salinities are close to 50,000 mg/L throughout the well (Appendix A). TiO2/Al2O3 
concentrations decrease for the Middle Miocene, and show two enriched peaks in the 
Lower Miocene 2. TiO 2/Al2O3 ratios decrease considerably below this interval at 
approximately 12,000 ft (3600 m). The oxides versus Al2O3, and oxides/Al2O3 depth plots 
show similar results to other wells in the area. However, normative mineralogies show 
significant differences in comparison to other wells (Appendix F). Two major peaks of  
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Figure 4.26 Normative calcite versus depth for wells OCS 6018(MU A20), OCS 3060 
(MU A64), OCS 3937#1(BA A22), OCS 6032 #1(MI 519). 
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Figure 4.27 Normative dolomite versus depth profiles for wells OCS 6018(MU A20), 
OCS 3060 (MU A64), OCS 3937#1(BA A22), and OCS 6032 #1(MI 519). 
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quartz appear in the MM, and quartz concentrations decrease in the LM1 (Figure 4.28). 
Feldspar trends resemble other wells, with the exception of a peak in concentration in the 
LM1 interval at approximately 16,000 ft (4900 m) of depth. Major differences are observed 
in the abundance of smectite. Concentrations decrease from the MM to the LM2 from 
depths of 5,000 to 12,000 ft (1500 to 3600 m). In the LM1 boundary smectite 
concentrations increase rapidly, and two zones of smectite depletion are observed in this 
interval. Illite also behaves considerably different. Concentrations decrease with depth. 
However, they are considerably higher in the MM and LM2 intervals for this well in 
comparison to other wells, and they suddenly decrease in the LM1 section (Figure 4.28). 
The illite plus smectite behavior exception is the presence of two depleted peaks in the 
LM2 at depths of 16,000 and 18,000 ft (4900 and 5500 m). Abundances of kaolinite also 
are considerably different. Concentrations decrease in a similar manner to other wells in 
the MM and LM2 intervals. However in the LM1 boundary concentrations decrease with 
depth and practically disappear with the exemption of a small kaolinite peak at 16,000 ft 
(4900 m) (Figure 4.24). In this OCS 7193 (MU A164), chlorite shows two prominent 
peaks in the Lower Miocene at 8,000 and 16,000 ft (2400 and 4900 m).  Calcite 
concentrations in this well show an overall increase with depth, and calcite peaks in the 
MM seem less prominent. The dolomite versus depth plot is significantly different and 
marked by a rapid decrease in concentration below the LM1/LM2 boundary. 
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Figure 4.28 Normative quartz, smectite, illite, kaolinite with depth for well OCS 7193 
(MU A164).  
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CHAPTER 5. DISCUSSION 
5.1 Introduction 
      The discussion which follows begins with an interpretation of the results of this 
study and then a brief comparison of the sediment and fluid properties over the entire 
study area with the results of Gautreau-Spear’s (2002) study of a single field, Matagorda 
Island 519.  There then follows an analysis of how these results relate to the more general 
problem of source versus diagenesis as a means of explaining variations in mudstone 
compositions with depth in both onshore Texas Gulf Coast and Texas Offshore.  
5.2 Mudstone Chemistry  
It has been assumed here that the chemistry and mineralogy of Gulf Coast mudstones 
were initially uniform, as has been done by previous workers in the northwest Gulf of Mexico 
(Awwiller, 1983; Taylor and Land, 1996; Lynch, 1996, 1997; Land et al., 1997; Lynch et al., 
1997; Land and Milliken, 2000). Then there must be some process responsible for the presently 
observed vertical heterogeneity in mudstone chemistry and normative mineralogy in the region. 
Mineralogical and chemical evidence suggests that mudstones in the study area have acted as 
open chemical systems and that exchange of diagenetic components has occurred.  
The concentration of K2O is overall much less abundant than both SiO 2 and CaO. Bulk 
chemical analyses indicate the occurrence of two populations of data for K2O in this study. One 
population suggests that some mudrocks have lost K2O with respect to Al2O3, and a second 
population displays approximately constant K2O content in the mudrocks respect to Al2O3 
content. Perhaps the population with lower K2O values was the original trend and the population 
with higher K2O content represents the enrichment of the samples (Figure 5.1).  
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Figure 5.1 One population suggests that some mudrocks have lost K2O with respect to 
Al2O3, and a second population displays approximately constant K2O content in the 
mudrocks respect to Al2O3 content, perhaps the population with lower K2O values was 
the original trend and the population with higher K2O content represents the enrichment 
of the samples. 
 
Original Trend 
Enrichment 
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Silica in Mustang and Brazos areas appears to be fairly uniform with depth but shows 
some variation (Figure 5.2). CaO is selectively lost from the mudstones in the Mustang and 
Brazos areas although there are several high CaO intervals (Figure 5.2). In the Mustang and 
Brazos areas there are several zones of apparent enrichment in CaO that appear mostly in 
shallower and younger sediments. An exception is well OCS 6016 (MU A1) where two zone 
having high CaO/Al2O3 ratios are present (Figure 4.13).  
5.3 Oxide-TiO2-Al2O3 Systematics 
 The oxide-TiO2-Al2O3 systematics may reflect differences in the major oxide 
composition of the two possible end member sources for detrital sediment in the study area.  As 
shown schematically in Figures 5.3 and 5.4, the lower TiO 2/Al2O3 end member A may have had 
similar SiO 2 concentrations, significantly higher K2O concentrations, and lower CaO 
concentrations than end member B.  Bloch et al. (1998) show a plot of K2O versus TiO2 for 
selected Tertiary volcanics in the southwestern United States in which there is an inverse trend in 
K2O/Al2O3 versus TiO2/Al2O3 (Figure 4.16).   
5.4 Normative Mineralogy 
 Normative mineralogies obtained through MudNorm are very similar to the XRD results 
(Figure 5.5). Illite behaves similarly in both data sets, an abrupt increase in illite is observed at 
approximately 12,000 ft (3600 m). Comparing the XRD data with Mudnorm data the overall 
pattern for quartz is very similar with possible quartz cementation zones around 7,000 ft ( 2100 
m), and at 12,000 ft (3600 m). Feldspars in the XRD data set are fairly constant with depth, but 
at lower concentrations than in the normative mineralogy set. The mixed I-S phase shows more 
variation in the XRD plots. Calcite also shows peaks of higher concentration at the same depths 
as the Mudnorm data. XRD data for chlorite, kaolinite, and dolomite is reported as trace 
amounts. However, MudNorm yields slightly higher values for kaolinite varying from 0 to 13 
wt%.
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Figure 5.2 SiO 2 is fairly uniform with depth but shows some oscillation. CaO is 
selectively lost from the mudstones in the Mustang and Brazos areas with several high 
CaO intervals. 
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 5.3 SiO2 and CaO composition of the two possible end member sources for detrital 
sediment in the study area. 
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5.4  K2O composition of the two possible end member sources for detrital sediment in the 
study area. 
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Figure 5.5 Normative mineralogies obtained through MudNorm are very similar to the 
XRD results. Illite behaves similarly in both data sets, a sudden increase in illite wt% is 
observed at approximately 12,000 ft (3600 m). 
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Normative feldspar concentrations generated by the program MudNorm represent the 
sum of 60% albite and 40%K-feldspar. Normative feldspar concentrations in the Mustang area 
show a decreasing trend with depth in the uppermost intervals (PB1 and UM), and in the LM1, 
possibly due to potassium feldspar dissolution. In the MM and LM2 feldspar concentrations 
increase with depth. However, the normative percentages in these intervals are relatively low. 
Therefore, some feldspar dissolution may have taken place, though to a lesser degree than in 
LM1. Feldspar dissolution trends are not well defined due to the lack of samples measured 
available for base of the LM.  
Normative illite concentrations rapidly increase depth in the top of LM1 interval at 
approximate depth of 12,000 ft in the Mustang area. In contrast, normative smectite 
concentrations decrease in the same interval. Results from Gautreau-Spears (2002) also show a 
slight increase with depth in shallower mudrocks, and then a large increase at approximately 
14,000 ft (4260 m). This boundary may represent the accelerated precipitation of authigenic illite 
as a replacement of detrital smectite. This diagenetic reaction in mudstones has been considered 
the most important reaction in burial diagenesis by many authors such as Hower et al., 1976; 
Pearson and Small, 1988; Awwiller, 1993; and Berger et al., 1999.  Relative to smectite, illite has 
greater amounts of aluminum and potassium and lesser amounts of silicon. Thus, precipitation of 
illite requires quantities of potassium and aluminum in excess of those supplied by smectite, and 
dissolution of smectite supplies dissolved silica in excess of that needed to precipitate illite 
(Hower et al., 1976; Pearson and Small, 1988; Awwiller, 1993; Lynch et al., 1997). The 
potassium needed for the smectite to illite reaction has been suggested to come from reactions 
that dissolve detrital K-feldspar grains (Thyne et al., 2001; Berger et al., 1999, Hower et al., 
1976).  
  92 
Smectite + Al3+ + K+ à Illite + Si4+ + H2O  
 Some of the potassium needed for illitization and found in deeper mudstones may come 
from dissolution of potassium feldspars in both the mudstones, and adjacent sandstones 
(Milliken, 1993). Therefore, the higher concentrations of K2O/Al2O3 found in the LM1 intervals 
of wells in the Mustang area are most consistent with the illitization occurring in the same 
interval.  The only exception in this study is well OCS  7193 (MU A164) in which illite 
decreases and smectite increases at 12,000 ft (3600 m). The reversal in trends in this well may 
possibly be explained by its geographic location and a different depositional history. Additional 
information is needed to resolve these discrepancies.A major point is that the increase in K2O 
observed below 12,000 ft corresponds to a major change in mineralogy, and not just simply to an 
increase in the abundance of potassium bearing mineral phases (Figure 5.6).  
Normative quartz shows a general decrease with depth relative to Al2O3 in the Brazos and 
Mustang areas. Normative quartz abundances with depth reported by Gautreau-Spears (2002) 
also indicate that silica decreases with depth in the Matagorda area. 
  Possible zones of quartz cementation, as indicated by elevated SiO 2/Al2O3 ratios, appear 
throughout the wells. In the Mustang area two cemented zones are observed in OCS 6018 (A20) 
in the UM. Gautreau-Spears found a probable quartz diagenetic seal which has contributed to the 
generation of overpressure at MI 519. In the Mustang area, possible quartz cementation zones 
occur in wells OCS 6018 (MU A20), OCS 3012 (MU A20), OCS 7193 (MU A164), and OCS 
6016 (MU A1) at 12,000 ft. In the Brazos area a possible cementation zone occurs between 
10,000 -12,000 ft. This zone correlates in depth with the quartz diagenetic seal described by 
Gautreau-Spears. In addition, the smectite-to- illite transformation occurs abruptly below this 
cementation zone for most wells in the study area, in a similar manner to wells in Matagorda 
519.         
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Figure 5.6 The increase in K2O coincides with a major change in mineralogy. 
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Normative calcite in the Mustang and Brazos areas shows similar trends to those in  
Matagorda 519. Possible calcite-cemented zones occur in shallower sediments at 3,000 and 
5,000 ft, a deeper interval of normative calcite enrichment begins close 12,000 ft, which is also 
the boundary where the illite-smectite reaction starts occurring more rapidly.  The deeper calcite 
peaks resemble calcite peaks found by Gatreau-spears (2002) in Matagorda 519.  CaO and 
normative calcite peaks that were documented in the MM and UM intervals may reflect the 
unroofing of the Edwards Plateau during the Lower Miocene(Galloway et al., 2000) and the 
introduction of detrital carbonate into the study area. 
5.5 Sources of Potassium 
 For most wells in the study area below 12,000 ft (3600 m) where illitization 
abruptly starts lithostratigraphic data indicate the presence of abundant interbedded sands 
(Figure 5.7). The occurrence of abundant sand beds in this stratigraphic interval supports 
the hypothesis that these sands may have serve as potential sources for potassium from 
the dissolution of K-feldspars. 
Illitization occurs at slightly deeper depths  in Miocene Texas Gulf Coast 
mudstones than in  the Paleocene-Eocene mudstones studied by Awwiler (1993), and 
Oligocene age mudstones studied by Land and Milliken (2000).This slightly deeper onset 
of illitization may reflect lack of sands and hence a source of K2O between 10,000 and 
12,000 feet. 
5.6 Salinities 
Salinities in both Mustang Island and Brazos areas vary vertically and areally 
(Figure 5.8).  Hypersaline waters are observed in most wells, even though most of the 
study area is not underlain by salt (Figure 5.9). This is evidence for fairly large scale fluid 
flow and an open system diagenesis. At depths below 12,000 ft (3600 m), where the 
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Figure 5.7 Abundant sands below 12,000 ft may serve as a source of K2O. 
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5.8 Salinity versus depth profile for wells OCS 6018 and OCS 3012. Both wells are 
located in offshore block Mustang Island A20. 
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Figure 5.9 Hypersaline waters are observed in most wells, even though the entire study 
area is not underlain by salt, showing evidence for fluid flow and an open system 
diagenesis  
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 abrupt illite to smectite transformation occurs salinities in most of the wells tend to 
approach values of normal sea water salinity This freshening pattern with depth may be 
associated with the dewatering which occurs during the conversion of smectite to illite 
(Land and Mcpherson, 1992; Awwiller, 1993; Land et al.,1997; Lynch, 1997)   
5.7 Temperature  
 
The mineralogical changes observed in the Miocene mudstones in this study area 
occur in all wells below 12,000 ft and at temperatures of approximately 130 °C (Figure 
5.10). Similar changes such as the I/S reaction have been reported for Frio formation 
mudstones at temperatures between 115-135 °C (Lynch et. al, 1997). In addition, 
Bjørlyckke et.al (1988) and Ehrenberg and Nadeau (1989) have also reported extensive 
illitization occurred between temperatures of 130 and 140 °C in North Sea sediments. 
5.8 Comparison with Matagorda Island 519  
 
Gautreau-Spears (2002) identified three vertically-stacked overpressured compartments 
within the Lower Miocene section at Matagorda Island 519. However, no distinct overpressured 
compartments or zones were detected in the Mustang and Brazos areas from the calculated 
pressures derived from mud weights. Instead, fluids in most wells appear to be gradually and 
increasingly overpressured below depths of approximately 4,000 ft (1200 m) (Figure 4.4). Most 
temperature gradients measured in this study correlate with values reported in Matagorda 519 by 
Gautreau-Spears. However, some reach higher values at same depths and show more variation in 
several wells within a single area. 
Salinities are highly variable within the entire study area. Gautreau-Spears found large 
spatial variations in salinity in Matagorda 519. The large variations documented in the study area 
described here are consistent with the results found in Matagorda.  In addition, there are  
  99 
 
 
Figure 5.10 The mineralogical changes observed in the Miocene mudstones in this study 
below 12,000 ft occur in all wells at temperatures of approximately 130 °C. 
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significant variations in salinity in two wells located in the same block. Wells OCS 6018 and 
OCS 3012, both located in MU A20, show differences in salinity, particularly in Lower Miocene, 
where one well shows a decrease in salinity with depth, and the second well shows the opposite 
trend. The large spatia l variations observed even in nearby wells may be explained by the 
complexity of faulting and compartmentalization that occurs in the area throughout the Miocene 
interval (Bradshaw and Watkins, 1995).  
In the Brazos area salinities reach values of 120,000 mg/L, and they are considerably 
higher than salinities reported for Mustang area. This could be explained by the closer proximity 
of these wells to the large salt domes onshore and offshore Texas (Figure 2.14). Because of the 
large distance between the wells, the variability in salinity measurements, and the large scale of 
the study area it was not possible to establish possible regional fluid flow patterns. 
Some lithostratigraphic differences are observed between the three offshore areas in this 
study. According to sand percentage measurements by Gautreau-Spears (2001) Lower Miocene 
intervals are sandier in the Matagorda area in comparison with the Mustang area, where no thick 
sand packages were identified in this study. The low occurrence of thick sand intervals during 
the LM in the Mustang area can be explained by the lithofacies deposited during this time 
according to Galloway (2000), which were mostly wave-dominated delta deposits and 
progradational delta fed apron deposits (Figure 2.7).  
5.9 The Question of Variations in Source versus Diagenesis 
Awwiller (1993) documented the smectite- illite reaction in a well in the onshore 
Texas Gulf Coast using chemical and mineralogical data from shale drill cuttings. The 
mudstones were part of the Wilcox and Claiborne formations, Paleocene and Eocene in 
age. He found that at a burial depth of 10,500 ft (3200 m) the percent illite in the I-S 
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mineral phase increased from 40 to 80 wt%, and that I/S changed from random to ordered 
interstratification. In the Texas offshore area of this thesis, there is an abrupt increase in 
illite which occurs at a depth of 12,000 ft (3600 m) for most wells.  
The offshore Miocene mudstones studied in this thesis show similar chemical 
changes to the Oligocene Frio onshore mudstones studied by Lynch et al. (1997). Lynch 
et al. looked at nineteen whole cores from the onshore Texas Gulf Coast, and observed 
that the K2O content of the mudstones increased from 2 to 3.8 wt% between 7,000 and 
15,000 ft (2133-4572 m) of depth. They also observed tha t at approximately 12,000 ft I-S 
changed from random interstratification with low I% (54%) to ordered- interstratification 
with high I% (80%). This depth approximately coincides with the depth in the Texas 
offshore in which illitization reactions abruptly increased. In addition, the authors 
proposed the need for the addition of K2O, and the loss of SiO 2, such as has been 
proposed here for the wells in this study. 
Bloch et al. (1998) suggested that the K2O increase observed with depth in the 
mudstones studied by Perry and Hower, 1970; Awwiller 1993; Lynch et al. 1997; and 
Land and Milliken, 2000 is due to variable provenance and the influx of large volumes of 
K2O-rich sediments derived from erosion of Tertiary alkaline volcanic material. These 
volcanic sources have very variable K2O and TiO2/AlO3 content.  
Berger et al. (1999) studied controls on the rates of illitization in the onshore 
Texas Gulf Coast mudstones under diagenetic conditions that can be extended to the 
offshore area in this study. The mudstone samples they analyzed ranged in age from the 
Upper Cretaceous to the Pleistocene. Berger et al. indicated that the first stage of 
illitization is partial, and it is directly controlled by the dissolution of feldspars in 
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sandstones. Most of the wells in the offshore Texas study area showed a decrease in 
normative feldspar concentration with depth at the top of the Lower Miocene LM, within 
a depth interval between 9,000 and 12,000 ft (2700-3600 m). This interval is sand rich 
(Figure 4.3), and could be serving as source for the potassium needed in the illitization 
reaction that occurs below 12,000 ft. The abrupt smectite- illite transition which has 
occurred in the samples documented in this study can be correlated to Berger et al.’s 
second stage illitization. Feldspar abundance in the mudstones appears to decrease with 
depth, indicating the need to import K2O for the I-S reaction to occur. 
In contrast, Hutcheon et al. (2000) suggested that the variations in K content 
observed in the Gulf Coast shales of different ages may be due to the mixing of 
weathered cratonic rock and volcanic rock end members. However, the authors fail to 
report ages or compositions of possible end-members that could conclusively 
demonstrate that the primary control of shale composition is detrital input. 
Land and Milliken (2000) studied the overall behavior of SiO 2, K2O and CaO in 
eleven wells from the onshore Texas portion of the Tertiary Gulf of Mexico. Their study 
included mudstones samples from the Oligocene Frio-Vicksburg, and the late Paleocene-
early Eocene Wilcox. They found SiO2 appears constant with depth; and CaO was 
selectively lost from the mudstones, and K2O was gained in certain rocks and in other 
rocks it appears to be constant. The behavior of major oxides with depth (Figure 5.2 and 
5.6) in Miocene sediments in offshore Texas is consistent with diagenesis reported in the 
onshore.  
Regression lines of TiO 2 versus Al2O3 were calculated for three volcanic field 
sources (Bryan, 1989, Henry et. al, 1989, Lipman, 1989) mentioned by Bloch et al.(1998) 
for which data was available. All three sources are Mid-Tertiary in age. However, their 
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TiO2/Al2O3 ratios are lower than the TiO 2/Al2O3 ratios of the Miocene mudstones in 
offshore Texas. This difference in TiO 2/Al2O3 ratios indicates that these volcanic sources 
are not likely the origins of the mudstones in this study. According to Galloway et al., 
2001 mixing of sources occurred during the Miocene. However, it has been difficult for 
researchers to explain the variations in major oxides associated to particular changes in 
provenance. 
 TiO2 versus Al2O3 plots show a mixing curve of two possible source endmembers 
having different TiO 2/Al2O3. This source mixing trend is clearly observed in plots for 
well OCS 6018 (MU A20) (Figure 5.11). The TiO2-Al2O3 systematics suggests the 
possibility of the mixing of two endmembers. However, it is important to bear in mind 
that the regression lines may have been influenced by diagenesis. The occurrence of K2O 
enrichment and late stage illitization in the base of the LM, below 12,000 ft (3600 m) is a 
definite diagenetic overprint. TiO 2/Al2O3 versus depth plots display a general decrease 
with of TiO2/Al2O3 with depth, but with a large variability. The ratio is lowest in the 
Middle Miocene and lowermost Miocene. However, an abrupt change in possible 
sediment sources below 12,000 ft is not evident, at least in terms of TiO 2/Al2O3 ratio 
(Figure 5.12). 
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Figure 5.11 The two TiO2/Al2O3 source end members mixing observed in plots in well 
OCS 6018 (MU A20). 
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Figure 5.12 There is a general decrease with of TiO 2/Al2O3 with depth, but with a lot of 
variability. The ratio is lowest in the Middle Miocene and lowermost Miocene. 
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CHAPTER 6. CLAY MINERALOGY AND FORMATION WATER SALINITIES 
OF UPPER WILCOX SEDIMENTS, RIGHTHAND CREEK FIELD, ALLEN 
PARISH, LOUISIANA 
 
6.1 Introduction 
The second phase of this thesis research dealt with mudstone diagenesis and 
formation waters of the upper Wilcox Formation sediments in the Righthand Creek Field 
in southwestern Louisiana (Figure 6.1). Formation waters in the Wilcox formation of the 
Louisiana and Texas Gulf Coast typically show a freshening downdip as overpressured 
conditions are encountered (Szalkowski and Hanor, 2003, Moran 2003). In some 
instances salinities drop significantly below normal seawater values, even in sediments 
that were deposited in a marine environment. The origin of these low salinity waters is 
still conjectural, although meteoric flushing, membrane filtration, and release of water 
during the smectite to illite transition have been proposed as mechanisms. Understanding 
the origin of these waters is thus important in understanding the regional 
paleohydrogeology and diagenetic history of the Wilcox. 
  A manuscript based on the material discussed in this chapter was submitted for 
publication in the 2005 volume of the Transactions of the Gulf Coast Association of 
Geological Societies (GCAGS).  However, because of the effects of hurricane Katrina the 
GCAGS meeting in New Orleans was cancelled and the Transactions have not been 
published as of this date. 
6.2 Geologic Setting 
The Wilcox group is a thick sequence of predominantly siliciclastic rocks of late 
Paleocene- early Eocene age that stretches almost continuously across the northern rim of 
the Gulf of Mexico Basin from eastern Alabama to southwestern Texas (Xue, 1997). The 
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Figure 6.1 Map showing the location of the Cavenham Energy Resources #1 and Ragley 
Lumber #D-1 wells in Righthand Creek field, Allen Parish, Louisiana 
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fluvial-deltaic and marine deposits that comprise the Wilcox formation Group represent 
the initial influx of coarse clastics into the Gulf of Mexico during the Tertiary following 
extensive carbonate deposition in the Cretaceous. The Wilcox group has long been 
considered economically important for its oil, natural gas, and potable water as well as 
for its lignite, industrial sand, and ceramic clay deposits (Fisher and McGowen, 1969). 
The Righthand Creek Field is located approximately 25 miles (40 km) north of 
Lake Charles, Louisiana in sections 29 and 30, T 5 S, R 7 W, Allen Parish, Louisiana 
(Fig. 6.1). A brief description of the geology and development history of the field was 
published by Sonnier (1989).  The field is located on a low-relief anticlinal structure 
bounded by two east-west trending faults. The data used in this project are primarily from 
Cavenham Energy Resources #1 well, hereafter referred to as Cavenham #1.  Wilcoxon 
(1989) investigated depth and facies-related sediment diagenesis using core from the 
nearby Ragley Lumber #D-1 well over three intervals within the following total depth 
range: 12,200 to 15,500 ft (3700 to 4700 m).  
6.3 Techniques 
Fluid pressures, corrected temperatures, and salinities were determined from 
information on the spontaneous potential-resistivity log for the Cavenham Energy 
Resources #1 well using techniques described by Funayama and Hanor (1999). Ten 
sidewall core samples from the interval between 10,900 and 11,600 feet within the upper 
Wilcox formation were studied.   Identification of the lithology of each sample was made 
on the basis of visual examination, SP response, and a petrophysical data sheet provided 
to us. Several analyses of produced waters from the Righthand Creek Field were also 
made available to us. 
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X-ray diffraction analyses were performed on the bulk rock and the less than 2 
µm clay size fraction for all samples. The bulk rock material was crushed using a mortar 
and pestle, passed through a 5 µm sieve, and then disaggregated. Unoriented mounts 
were prepared for XRD analysis. Samples were soaked for 24 hours in a 0.1% sodium 
tribasic phosphate solution to prepare them for separation of clay size particles. Clay 
particles would not easily disaggregate from some samples because of the presence of 
crude oil. These samples were washed with ethanol and then subjected for one minute to 
a sonic dismembrator for disaggregation. They were then gently crushed with an agate 
mortar and pestle. Each sample was suspended in a sodium tribasic phosphate solution 
and allowed to settle for 3 hours and 10 minutes, a time interval calculated from Stoke’s 
law to allow the >2 µm fraction to settle out.  The upper 5 cm of each suspension was 
then siphoned off and centrifuged to concentrate the clay size (<2µm) particles. Clay 
smears of the clay size fraction were then prepared for XRD analysis. 
The clay smears were subjected to air drying, ethylene glycol saturation, and 
heating at 300º and at 550ºC in order to facilitate the identification of clay minerals using 
standard procedures (Moore and Reynolds, 1997). XRD patterns for bulk rock and clay 
smears were generated using a Bruker-Siemens D5000 automated powder X-ray 
diffractometer. The XRD computer files were opened in MacDiff, a freeware developed 
by Petschick (2002) for mineral identification from XRD patterns. Identification of 
mineral phases was done with MacDiff by matching major peaks to standard peaks from 
the International Center for Diffraction Data (ICDD) encoded within the software.  
The clay minerals were identified by using the Clay Minerals Identification Chart 
from Poppe et al. (2001). Quantitative analysis of the abundance of clays in the < 2 µm 
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fraction was performed as follows. Peak areas, measured by integration using MacDiff, 
were computed for the four major discrete clay minerals, smectite, illite, kaolinite, and 
chlorite, identified in each sample.   For asymmetrical peaks, half areas were calculated 
and then doubled as suggested by Moore and Reynolds (1997). In addition all the patterns 
were run through the software program XRD Fill (Lee and Ferrell, unpublished) which 
performs a quantitative analysis of the pattern after inputting the minerals found during 
the qualitative analyses.  
After the qualitative analyses were performed, the next step was to check for the 
presence of mixed- layer clays.  Most of the peaks exhibited broadening, which can be an 
indicator of mixed- layering. According to Bailey (1982), the coefficients of variations 
(CV) of the d(00l) diffraction lines can be used to distinguish between regularly and 
irregularly interstratified clays. Values for CVs were calculated for the minerals found in 
the samples using the techniques described by Bailey (1982). 
6.4 Results 
The variations in calculated formation water salinity, temperature, and pressure 
with depth are shown in Figure 6.2. There is an increase in salinity with depth from 3,000 
feet to near 7,000 feet to values approaching 140,000 mg/L. There is then a reversal in 
salinity with depth, and waters below 8000 feet have calculated salinities of seawater 
salinity, 35,000 mg/L, or less. Reported salinities of produced waters from several wells 
in the field are as follows: Brechtel Righthand Creek #1, 8,718 mg/L; Ballard Righthand 
Creek #1, 9,211 mg/L; and Cavenham #3, 10,270 to 11,286 mg/L. 
Corrected bottom hole temperatures yield values of 203-208oF (95 to 98oC) for 
the interval of sidewall cores studied.  The specific weight of the drilling fluid present 
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Figure 6.2. Calculated variation in formation water salinity (TDS), corrected formation 
temperature (Tf), and fluid pressure (P) as a function of depth, Cavenham #1 well.  The vertical 
dashed line on the TDS plot represents the average salinity of seawater, 35,000 ppm. 
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during the single entire log run of 11,600 feet for the well was 11.5 lb/gal, and 
overpressuring was thus not encountered. Wilcoxon reported the first occurrence of 
mildly overpressured conditions (geostatic ratio > 0.47) in the nearby Ragley Lumber #1 
well at a depth of 10,700 feet (3,250 m) and the first occurrence of hard overpressure 
(geostatic ratio > 0.70) at a depth of 14,000 feet (4,250 m).     
The results of the mineralogic analyses of the sidewall cores are given in Tables 6.1 
through 6.4.   The minerals identified in each of the bulk samples are summarized in Table 
6.1. These are: quartz, calcite, barite, clays, pyrite, K-feldspar, and plagioclase. Since no 
duplicate analyses were determined, relative concentrations above 5% are considered to 
have less than 10% error (Ferrel, personal communication). Although barite is a common 
trace mineral in many sediments, we interpret the high concentrations of barite in the bulk 
samples (Table 6.1) to be contamination by drilling mud. Table 6.2 shows the relative 
abundance of the minerals in the bulk samples calculated on a barite-free basis. 
The relative abundances of clay minerals in the < 2 µm fraction are given in Table 
6.3.  The clay minerals identified were smectite, illite, kaolinite, and chlorite.  The error 
associated to the major peak area measurements is assumed to be less than 10% (Ferrel, 
personal communication). The abundances in Table 6.3 were used in conjunction with the 
data in Table 6.2 to estimate the abundance of each individual clay mineral in the bulk 
sample, assuming that “clay” is an accurate measure of the sum of smectite, illite, 
kaolinite, and chlorite in the bulk sample. This was done to determine if there was a 
correlation between the absolute abundances of barite and smectite, two common 
components of ligno/chrome drilling mud, the type of mud used to drill the Cavenham #1 
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Table 6.1 Bulk mineralogy of sidewall cores from the Cavenham #1 well.  Relative concentrations are in weight percent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample 
No. 
Sediment 
Type 
Depth (ft) Quartz Calcite Barite Clays Pyrite K-
feldspar 
Plagioclase Total 
MP043B sand 10979.5 73.04 2.55 16.39 4.79 1.59 0.66 0.98 100.00 
MP042B sand 11045.0 81.95 1.02 2.99 10.29 1.18 1.02 1.55 100.00 
MP039B sand 11050.5 84.04 2.04 6.50 4.25 1.57 0.63 0.97 100.00 
MP034B shale 11055.0 26.03 1.13 15.02 49.33 4.47 1.51 2.50 99.99 
MP031B shale 11057.0 19.58 2.13 39.10 37.21 0.43 0.56 1.00 100.01 
MP029B shaly sand 11059.0 60.46 1.74 14.60 12.92 5.19 2.19 2.90 100.00 
MP025B sand 11062.0 71.65 0.44 21.75 2.91 2.16 0.56 0.53 100.00 
MP018B sand 11097.5 65.79 0.74 18.92 6.15 3.60 2.32 2.48 100.00 
MP008B mudcake 11148.0 18.66 2.99 66.15 8.28 0.97 1.17 1.78 100.00 
MP002B shale 11584.0 18.43 3.90 53.68 20.28 0.57 0.99 2.15 100.00 
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Table 6.2 Bulk mineralogy of the Cavenham #1 well samples calculated on a barite- free basis.  Relative concentrations are in weight 
percent. 
 
Sample No. Sediment Type Depth (ft) Quartz Calcite Clays Pyrite K-feldspar Plagioclase Total 
MP043B sand 10979.5 87.36 3.05 5.73 1.90 0.79 1.17 100.00 
MP042B sand 11045.0 84.48 1.05 10.61 1.22 1.05 1.60 100.00 
MP039B sand 11050.5 89.88 2.18 4.55 1.68 0.67 1.04 100.00 
MP034B shale 11055.0 30.63 1.33 58.06 5.26 1.78 2.94 100.00 
MP031B shale 11057.0 32.15 3.50 61.09 0.71 0.92 1.64 100.00 
MP029B shaly sand 11059.0 70.80 2.04 15.13 6.08 2.56 3.40 100.00 
MP025B sand 11062.0 91.57 0.56 3.72 2.76 0.72 0.68 100.00 
MP018B sand 11097.5 81.14 0.91 7.59 4.44 2.86 3.06 100.00 
MP008B mudcake 11148.0 55.13 8.83 24.46 2.87 3.46 5.26 100.00 
MP002B shale 11584.0 39.79 8.42 43.78 1.23 2.14 4.64 100.00 
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Table 6.3 Clay mineralogy of the < 2mm fraction of the Cavenham #1 samples.  Relative concentrations are in weight percent. 
 
Sample No. Sediment Type Depth, ft Smectite Illite Kaolinite Chlorite Total 
MP043B sand 10979.5 66.62 4.56 23.84 4.97 100.00 
MP042B sand 11045.0 8.92 9.21 69.48 12.38 100.00 
MP039B sand 11050.5 5.09 16.08 60.34 18.49 100.00 
MP034B shale 11055.0 59.79 7.77 27.16 5.28 100.00 
MP031B shale 11057.0 67.76 11.50 16.63 4.12 100.00 
MP029B shaly sand 11059.0 35.09 14.62 47.04 3.25 100.00 
MP025B sand 11062.0 44.65 11.37 35.57 8.41 100.00 
MP018B sand 11097.5 32.27 19.40 48.17 0.17 100.00 
MP008B mudcake 11148.0 75.57 4.61 16.88 2.93 100.00 
MP002B shale 11584.0 61.97 9.00 21.01 8.02 100.00 
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Table 6.4  Calculated coefficients of variation (CV) of the d(001) X-ray diffraction peaks for the clay minerals in the < 2mm fraction 
of the Cavenham #1 samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample No. Depth, ft Sediment Type Smectite CV Illite CV Kaolinite CV Chlorite CV 
MP043B 10979.5 sand 0.44 0.63 0.03 0.37 
MP042B 11045.0 sand 0.78 0.64 0.09 0.15 
MP039B 11050.5 sand 0.59 0.21 0.09 0.55 
MP034B 11055.0 shale 0.61 0.73 0.21 0.42 
MP031B 11057.0 shale 0.66 0.58 0.37 0.44 
MP029B 11059.0 shaly sand 0.41 0.66 0.03 0.47 
MP025B 11062.0 sand 0.76 0.53 0.03 0.35 
MP018B 11097.5 sand 0.25 0.13 n.d. 0.56 
MP008B 11148.0 mudcake 0.54 0.54 0.07 0.44 
MP002B 11584.0 shale 0.96 0.59 0.14 0.88 
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well. A plot of smectite versus barite is shown in Figure 6.2.  Results of the coefficient of 
variation (CV) calculations are given in Table 6.4.  Coefficients of variation (CV) of the 
d(001) X-ray diffraction peaks were calculated for the clay minerals in the < 2mm 
fraction of the Cavenham #1 samples. 
6.5 Discussion 
· Formation Waters 
The reversal in salinity with depth in the Cavenham #1 values at or below 
seawater salinity (Figure 6.2) has been observed many times before in southwestern 
Louisiana sediments (Szalkowski and Hanor, 2003, Moran 2003). However, Szalkowski 
and Hanor (2003) have shown that in some areas, possibly near salt domes, the reversal is 
not observed. The occurrence of salinities in excess of seawater salinities at shallower 
depths has been attributed to the dissolution of salt domes (Hanor, 1994).  As noted 
earlier, the causes of the reversal in salinity with depth has been more elusive. However, 
the presence of low salinity waters in the upper Wilcox as calculated from SP response is 
confirmed by the direct measurement of the salinities of produced waters from the 
Righthand Creek Field, as reported above. 
· Contamination by Smectite in the Drilling Fluid 
Smectite in the form of bentonite is a common component of ligno/chrome 
drilling muds, the type of mud used in drilling the Cavenham well. It is thus possible that 
some of the smectite present in our samples could represent contamination by drilling  
fluids. One would expect that the proportion of smectite to barite in the drilling fluid to 
have been fairly constant over the depth interval studied here. However, a plot of smectite 
versus barite shows no correlation between the abundances of these two mineral phases 
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(Figure 6.3). We thus conclude that while there may be some smectite contamination by 
drilling fluids, all of the samples we analyzed contained smectite before drilling. 
· Bulk Mineralogy 
The bulk mineralogy found in the study interval in the Cavenham #1 well is 
similar to the mineralogy Wilcoxon (1989) reported from a deeper part of the Wilcox 
section nearby. However, Wilcoxon also reported the presence of dolomite, siderite, and 
anhydrite, which were not identified in the XRD patterns for this study. XRD analyses 
can only detect with certainty minerals which make up at least 5% of the sample. 
Therefore dolomite, siderite, and anhydrite could have been present in the interval we 
studied but perhaps as accessory minerals.  
Differences exist in the bulk relative percentages of quartz, K-feldspars, and 
plagioclases obtained at different facies in this study with the ones obtained by Wilcoxon 
(1989). For the clean sand facies, quartz and K-feldspar percentages are similar. K-
feldspar increased with depth in both studies. Plagioclase abundances within the interval 
studied here are low. For the shale facies, quartz relative percentages are lower, but 
within 10 percent of those reported by Wilcoxon (1989). K-feldspars have similar values, 
and plagioclases are considerably lower also, about half of the relative amount present 
with respect to the amount of the comparative study. 
· Clay Mineralogy 
The clay-mineral fraction of the sands within the interval studied is typically 
dominated by kaolinite and chlorite.  The mudstones, in contrast, are dominated by 
smectite, kaolinite, and illite, and the smectite- illite transition has not yet occurred in 
these sediments. However, there is evidence that the smectite- illite transition has 
 119 
 
 
Figure 6.3 Variation in the abundance of smectite versus barite in the Cavenham #1 
sidewall core samples.  Most of the barite probably represents contamination by drilling 
fluid.  Lack of any correlation between smectite and barite indicates that most of the 
smectite in the samples represents native clay and not contamination by bentonite in the 
drilling fluid. 
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 occurred within the Wilcox at the Righthand Creek Field at depths greater than 11,600 
feet. Wilcoxon (1989, p. 151) concluded on the basis of his XRD results that the 
smectite- illite transition has occurred within the Ragley Lumber well samples over the 
depth interval of 12,200 to 15,500 ft (3,700 to 4,700 m).  The first occurrence of the 
smectite- illite transition is thus presumably at a depth somewhere between 11,600 and 
12,200 ft. 
A detailed analysis was made of the mineralogy at the ARCO T&NO well in 
Jasper Co., Texas approximately 30 mi (50 km) to the west of the Righthand Creek Field 
by Slatt et al. (1992) over a depth interval of 4,200 to 14,400 ft (1,300 to 4,400 m).  Clay 
minerals identified here include smectite, illite, two forms of mixed-layered 
illite/smectite, kaolinite, and chlorite.  A significant change in clay mineralogy occurs 
over a depth interval of approximately 9,800 to 10,500 ft (3,000 to 3,200 m), which 
corresponds to present-day in situ temperatures of 212-248°F (100-120°C).  Below these 
depths there is a significant increase in chlorite and illite, and the R1 form of mixed-
layered illite-smectite replaces R0.  The depth interval and temperature range in the 
ARCO T&NO well at which the significant change in mineralogy takes place is slightly 
less than the present depths of the section studied at Righthand Creek, However, the 
temperatures at Righthand Creek are somewhat cooler.  
Most of the results for coefficient of variation (CV) calculations for the 
Cavenham #1 well fall below the 0.75 cutoff or very close to it.  Most of the clays in the 
samples can therefore be interpreted as fairly regularly interstratified rather than 
containing random interstratification. However, due to the proximity of the XRD peaks 
between smectite and chlorite, and between smectite and illite the possibility exists that 
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some corrensite and I/S are present in samples having CVs in excess of 0.75. Calculations 
similar to those done by Reynolds et al. (1988) and by Slatt et al. (1992) for the ARCO 
T&O well could help unravel the mixing nature of these clays at Righthand Creek. 
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CHAPTER 7 CONCLUSIONS 
7.1 Offshore Texas Study 
The Lower Miocene interval in the offshore Texas study area is characterized by 
thick sandy intervals below 12,000 ft (3600 m). Depletion in normative feldspar occurs 
with depth in all the wells and may reflect true dissolution of feldspar. However, K2O 
concentrations increase in this same deeper interval where there is a marked increase in 
the abundance of normative illite and a depletion in smectite. The significant fraction of 
interbedded sands present in this interval may represent potential sources for the K2O that 
has been added to the mudstones in order for the I-S reaction to occur. If this is true, 
mudstone diagenesis is an open chemical process through out the study area. Based on 
the previous observations diagenesis is a more probable explanation for the increases in 
K2O at depth in offshore Texas than changes in source.  
The TiO2-Al2O3 systematics for the mudstones supports the hypothesis that there 
was mixing of clastics derived from a high TiO 2/Al2O3 source with clastics derived from 
a low TiO2/Al2O3 source. The oxide-TiO2-Al2O3 systematics may reflect differences in 
the major oxide composition of these two possible end member sources for detrital 
sediment in the study area. However, the chemical and mineralogical changes with depth 
observed in the Miocene mudstones can be correlated to similar well depths of Eocene 
and Paleocene sediments to throughout the Texas Gulf Coast. The oxide – TiO2 – Al2O3 
systematics show some promise in identifying sources and original mudstone 
compositions. Potassium enrichment in the Miocene mudstones in offshore Texas occurs 
at similar depths as similarly-enriched sediments of Eocene and Paleocene age 
throughout the Texas Gulf Coast, indicating that diagenesis is a depth controlled process 
instead of source, age or facies dependent. 
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Calculations were done to determine the apparent net diagenetic gain or loss of 
components assuming a pre-diagenetic linear mixing trend. However, it should be noted 
that the linear mixing trends may themselves reflect some effects of diagenesis. The 
occurrence of quartz and calcite cemented zones just above the interval where abrupt 
illitization occurs are definite diagenetic overprints that can be correlated throughout the 
study area and the onshore Texas Gulf Coast.  
Formation water salinities are highly variable both areally and vertically within 
the region. Higher salinities are encountered in wells which are closer to areas with salt 
structures. Deeper sediments have fresher waters than the shallower ones. This pattern of 
freshening with depth may have occurred as a result of the release of water from the I-S 
reaction which has likely occurred in the deeper sediments.  
The pressure compartments and seals found in Matagorda 519 by Brewster et al., 
1998; Klein et al., 1998, and Gautreau-Spears, 2002 do not extend throughout the study 
area of this thesis. Normative quartz and calcite show a general decrease with depth in the 
Brazos and Mustang areas. However, zones of possible localized quartz and calcite 
cementation occur at intervals with depth. In particular a prominent zone enriched in 
normative quartz above calcite occurs at approximately 12,000 ft (3600 m) throughout 
the study area. This zone resembles features described by Gautreau-spears in Matagorda 
519. 
7.2 Louisiana Study 
Produced waters from upper Wilcox sediments in the Righthand Creek Field in 
southwestern Louisiana have salinities as low as 9,000 to 10,000 mg/L or approximately 
1/3 the salinity of seawater.  A study was conducted of the clay mineralogy of sidewall 
cores over a depth interval from approximately 11,000 to 11,550 feet (3350 to 3520 m) to 
determine whether or not there was evidence for the smectite to illite transition having 
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occurred in these sediments.   The sands within this interval are typically dominated by 
kaolinite and chlorite.  The mudstones, in contrast, are dominated by smectite, kaolinite, 
and illite, and the smectite- illite transition has not yet occurred in these sediments.  If the 
low-salinity waters at Righthand Creek are the product of dehydration, it is unlikely that 
they have been produced by in situ reactions and are instead waters that have been 
expelled from deeper and/or downdip, overpressured sediments where the transition is 
known to have occurred. 
  The origin of deep, low-salinity waters in the Wilcox is still problematic.  Greater 
insight into the origin of these waters should add to our understanding of the regional 
hydrogeology and burial diagenesis of the deep Wilcox section.  A detailed regional 
study of the spatial variations in salinity, chemical composition, and isotopic composition 
of Wilcox formation waters is a logical next step in this process.  
7.3 Future Work 
Suggestions for work to do in the future that will improve our understanding in 
predicting the effects of diagenesis on reservoir quality in the Texas Gulf Coast include:  
· Analyzing samples of mudstones for further mineralogical and petrographic 
work in order to evaluate the nature of possible cemented zones.  
· Performing an in depth provenance investigation to determine specific sources 
of the Miocene sediments in the area. 
· Studying the chemical, mineralogical, and petrographic properties of the 
interbedded sandstones. In order to generate sandstone-mudstone chemical 
mass balance calculations, and to refine the normative mineralogical 
calculations. 
· Synthesizing all work that has been done to date on mudstone diagenesis in 
onshore and offshore Texas, and comparing it to the Louisiana scene. 
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APPENDIX A: TEMPERATURES, PRESSURES, SALINITIES, AND PERCENT SAND DATA 
 
 
Figure A.1 Temperatures versus depth for wells in Mustang Island Area 
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Figure A.2 Temperatures versus depth for wells in the Brazos offshore Area. 
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Figure A.3 Pressure versus depth for wells in Mustang Island Area. Dashed lines are lithostatic and hydrostatic pressure gradients 
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Figure A.4 Pressure versus depth for wells in the Brazos offshore Area. Dashed lines are lithostatic and hydrostatic pressure gradients. 
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Figure A.5 Salinities versus depth for wells in the Mustang Island Area. Dashed line is normal sea water salinity. 
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Figure A.6 Salinities versus depth for wells in the Brazos offshore Area. Dashed line is normal sea water salinity.
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Figure A.7 Sand percent versus depth for wells in the Mustang Island offshore Area. 
Dashed lines bound log data available. 
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Figure A.8 Sand percent versus depth for wells in the Brazos offshore Area.  
Dashed lines bound log data available. 
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APPENDIX B: TiO2, Al2O3, Zr AND Y DATA  
 
 
 
Figure B.1 TiO2 vs. Al2O3 
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Figure B.2 TiO2 vs. Al2O3 
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Figure B.3. TiO2/Al2O3 vs depth. 
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Figure B.4. TiO2/Al2O3 vs depth. 
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Figure B.5 Zr vs Y. 
 
OCS3060 (MU A64)
y = 1.9805x + 101.71
R
2
 = 0.1751
0.00
50.00
100.00
150.00
200.00
250.00
300.00
350.00
0.00 20.00 40.00 60.00 80.00
Y(ppm)
Zr
(p
pm
)
OCS 6016 (MU A1)
y = -0.767x + 209.15
R
2
 = 0.1319
0.00
50.00
100.00
150.00
200.00
250.00
300.00
350.00
0.00 20.00 40.00 60.00 80.00
Y(ppm)
Zr
(p
pm
)
OCS 6019 (MU A21)
y = 3.7636x + 94.26
R2 = 0.5003
0.00
50.00
100.00
150.00
200.00
250.00
300.00
350.00
0.00 20.00 40.00 60.00 80.00
Y(ppm)
Z
r(
p
p
m
)
OCS 6018 (MU A20)
y = 4.4919x + 73.811
R2  = 0.2103
0.00
50.00
100.00
150.00
200.00
250.00
300.00
350.00
0.00 20.00 40.00 60.00 80.00
Y(ppm)
Zr
(p
pm
)
OCS 3012 (MU A20)
y = -0.6087x + 203.89
R2 = 0.1121
0.00
50.00
100.00
150.00
200.00
250.00
300.00
350.00
0.00 20.00 40.00 60.00 80.00
Y(ppm)
Zr
(p
pm
)
OCS 3011  (MU A16)
y = 4.4583x + 42.625
R2  = 0.7575
0.00
50.00
100.00
150.00
200.00
250.00
300.00
350.00
0.00 20.00 40.00 60.00 80.00
Y(ppm)
Z
r(
p
p
m
)
OCS 7193 (MU A164)
y = 3.7696x + 94.876
R2 = 0.1169
0.00
50.00
100.00
150.00
200.00
250.00
300.00
350.00
0.00 20.00 40.00 60.00 80.00
Y ( p p m )
Zr
(p
pm
)
 145 
  
Figure B.6 Zr vs Y 
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Figure B.7 Zr vs. Al2O3 
.
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Figure B.8 Zr vs. Al2O3 
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Figure B.9 Y vs. Al2O3 
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Figure B.10 Y vs. Al2O3 
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Figure C.1 SiO 2 vs Al2O3 
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Figure C.2 SiO 2 vs Al2O3 
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Figure C.3 K2O vs Al2O3 
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Figure C.4 K2O vs Al2O3 
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Figure C.5 CaO vs Al2O3 
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Figure C.6 CaO vs Al2O3 
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Figure C.7 SiO 2 vs TiO2/Al2O3 
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Figure C.8 SiO 2 vs TiO2/Al2O3 
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Figure C.9 K2O vs TiO2/Al2O3 
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Figure C.10 K2O vs TiO2/Al2O3 
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Figure C.11 CaO vs TiO 2/Al2O3 
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Figure C.12 CaO vs TiO 2/Al2O3 
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Figure D.1 SiO 2/Al2O3 vs depth 
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Figure D.2 SiO 2/Al2O3 vs depth 
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Figure D.3 K2O/Al2O3 vs depth 
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Figure D.4 K2O/Al2O3 vs depth 
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Figure D.5 CaO/Al2O3 vs depth 
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Figure D.6 CaO/Al2O3 vs depth 
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APPENDIX E: OXIDES/Al2O3 AND TiO2/Al2O3 DATA 
 
 
 
 
Figure E.1 SiO2/Al2O3 vs TiO2/Al2O3 
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Figure E.2 SiO 2/Al2O3 vs TiO2/Al2O3 
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Figure E.3 K2O/Al2O3 vs TiO2/Al2O3 
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Figure E.4 K2O/Al2O3 vs TiO2/Al2O3 
 
OCS 3037 #2 (BA A22)
y = 5.5403x - 0.0523
R2 = 0.5249
0.15
0.2
0.25
0.3
0.040 0.045 0.050 0.055
%TiO2/Al2O3
%
K
2O
/A
l2
O
3
OCS 1733 (BA 541)
y = 1.7775x + 0.1042
R
2
 = 0.0119
0.15
0.2
0.25
0.3
0.040 0.045 0.050 0.055
%TiO2/Al2O3
%
K
2O
/A
l2
O
3
OCS 3224 (BA A6)
y = -6.0368x + 0.4822
R
2
 = 0.7341
0.15
0.2
0.25
0.3
0.040 0.045 0.050 0.055
%TiO2/Al2O3
%
K
2O
/A
l2
O
3
OCS 3937 #1 (BA A22)
y = -1.3545x + 0.2626
R2 = 0.0079
0.15
0.2
0.25
0.3
0.040 0.045 0.050 0.055
%TiO2/Al2O3
%
K
2O
/A
l2
O
3
OCS 6032# (MI 519)
y = -0.4653x + 0.2302
R
2
 = 0.0075
0.15
0.2
0.25
0.3
0.040 0.045 0.050 0.055
%TiO2/Al2O3
%
K
2O
/A
l2
O
3
S/L 88562 (MI 487)
y = -4.5493x + 0.3913
R
2
 = 0.1108
0.15
0.2
0.25
0.3
0.040 0.045 0.050 0.055
%TiO2/Al2O3
%
K
2O
/A
l2
O
3
OCS 5169 (MI 518)
y = 2.1861x + 0.0776
R2 = 0.1374
0.15
0.2
0.25
0.3
0.040 0.045 0.050 0.055
%TiO2/Al2O3
%
K
2O
/A
l2
O
3
 172 
 
Figure E.5 CaO/Al2O3 vs TiO2/Al2O3 
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Figure E.6 CaO/Al2O3 vs TiO2/Al2O3 
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APPENDIX F: NORMAL MINERALOGY DATA 
 
Figure F.1 Normative quartz vs depth 
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Figure F.2 Normative quartz vs depth 
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Figure F.3 Normative feldspar vs depth 
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Figure F.4 Normative feldspar vs depth 
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Figure F.5 Normative illite vs depth 
OCS 3011 (MU A16)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 10 20 30 40
Illite wt%
D
ep
th
 (f
t)
UM
MM
OCS 3060 (MU A64)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 10 20 30 40
Illite wt%
D
ep
th
 (
ft
)
UM
MM
OCS 6018 (MU A20)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 10 20 30 40
Illite wt%
D
ep
th
 (
ft
)
PB1
UM
MM
LM2
LM1
OCS 3012 (MU A20)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 10 20 30 40
Illite wt%
D
ep
th
 (
ft
)
PB1
UM
MM
LM2
LM1
OCS 6016 ( MU A1)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 10 20 30 40
Illite  wt%
D
ep
th
 (f
t)
OCS 7193 (MU A164)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 10 20 30 40
Illite  wt%
D
ep
th
 (f
t)
PB1
UM
MM
LM2
LM1
OCS 6019 ( MU A21)
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
0 10 20 30 40
Illite wt%
D
ep
th
 (
ft
)
PB1 
UM 
MM 
LM2 
LM1 
 179 
 
Figure F.6 Normative illite vs depth 
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Figure F.7 Normative smectite vs depth 
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Figure F.8 Normative smectite vs depth 
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Figure F.9 Normative illite plus smectite vs depth 
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Figure F.10 Normative illite plus smectite vs depth 
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Figure F.11 Normative kaolinite vs depth 
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Figure F.12 Normative kaolinite vs depth 
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Figure F.13 Normative chlorite vs depth 
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Figure F.14 Normative chlorite vs depth 
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Figure F.15 Normative calcite vs depth 
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Figure F.16 Normative calcite vs depth 
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Figure F.17 Normative dolomite vs depth 
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Figure F.18 Normative dolomite vs depth 
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